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Adolescence pregnancy as a challenge of modern
perinatology

Jakub Staniczek®, Rafal Stojko®, Agnieszka Drosdzol-Cop

Chair and Department of Gynecology, Obstetrics and Gynecological Oncology, Faculty of Health Science in Katowice,
Medical University of Silesia in Katowice, Poland

Nearly 16 million teenage girls aged 15-19 and two
million girls under 15 becoming pregnant each year [1].
Due to possible problems and complications adolescent
pregnancies should be treated as a high-risk pregnancy.
The most common obstetric pathologies in young mothers,
includes preeclampsia, hypertension, diabetes mellitus, fetal
growth restriction and premature birth, as a consequence
of immaturity, especially uterine immaturity. The risk of
preeclampsia and eclampsia among this group is almost
two times higher than among 20 — to 24-year-old women.
Preterm labor occurs with a frequency of about 15%. Ad-
ditionally, young mothers have a significantly increased risk
of having extremely premature babies and newborns with
extremely low birth weight [2-4].

An important aspect is ultrasound diagnostics in ado-
lescence pregnancy. Attention should be paid to the fre-
quent occurrence of fetal anomalies in this group of pa-
tients. Prenatal diagnosis should also be focused on the
assessment of the risk of preterm delivery, fetal growth
restriction and pre-eclampsia, both with the use of mod-
ern markers of angiogenesis. Non-chromosomal anomalies
are common in teenage pregnancies and are estimated to
occur in 26.5/1000 children. Statistically, abdominal wall
defects, anomalies of the gastrointestinal tract, central
nervous system and heart are more frequent than in older
patients. Studies have shown that younger women have
lower awareness of folic acid supplementation, resulting
in a higher incidence of spina bifida/myelomeningocele in
this group [5, 6].

In recent years, we have seen much earlier sexual in-
itiation. In a group of 15-year-olds, it showed that 9.2%
of 15-year-old girls had sexual initiation. Among all sexu-
ally active 15-year-olds, 27% did not use any method of
contraception during intercourse. It is worth emphasizing
that, sexually transmitted infections and bacterial vaginosis

Corresponding author:
Agnieszka Drosdzol-Cop

are common in this group, that’s why routine screening
should be done. Early sexual initiation is also associated
with a high-risk non-immune hydrops fetalis corresponding
with maternal infection.

Itis important to remember to promote adequate sup-
plementation in pregnant minors. We must bear in mind
the increased iron, calcium and vitamin D requirements of
adolescent girls during pregnancy, both due to pregnancy
and the ongoing skeletal ossification process. Proper nu-
trition is also a strategy to reduce anemia and low birth
weight and to optimize weight gain in pregnancy. Young
pregnant women are significantly more likely to use drugs
and alcohol than their non-pregnant peers. This contrib-
utes to a higher incidence of Fetal Alcohol Syndrome (FAS)
in newborns [5, 7, 8].

The literature data shows differences in the number
of vaginal deliveries and cesarean sections in the group
of teenagers. Adolescent pregnancy is not an indication
for caesarean section, unless there are clear indications for
surgery. The attention should be paid to the structure and
dimensions of the bony pelvis. A higher rate of cesarean sec-
tions in adolescents < 15 years of age which may be due to
their biological immaturity [9].

Adolescent pregnancy is a challenge not only from the
medical side but also from the social and legal point of view.
The support of the medical staff and a psychologist may be
crucial not only for the proper development of pregnancy,
but also for preparing a young girl to take up the challenge
of parenthood. Young mothers often experience exclusion
and 25% of them experience postpartum depression [10].

To conclude, pregnancy in teenagers require exceptional
skills, knowledge and it is a challenge of modern perina-
tology, so we invite you to the next issue of “Ginekologia
Polska", where you will find the PTGiP Recommendations
on the management of adolescence pregnancy.

Chair and Department of Gynecology, Obstetrics and Gynecological Oncology, Faculty of Health Science in Katowice, Medical University of Silesia in Katowice, Poland

e-mail: cor111@poczta.onet.pl
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Effects of polyamine synthesis enzymes
on angiogenesis and apoptosis during endometriosis

CaglarYildiz' ®, Veysel Kenan Celik’

, Begum Kurt'

, Serkan Kapanck?®, Hasan Kilicgun3

'Cumbhuriyet University, Turkey
2Okan University Faculty of Medicine Department of Biochemistry, Istanbul, Turkey
3Erzincan Binali Yildirim University, Erzincan, Turkey

ABSTRACT

Objectives: Since we assumed that endometriosis is a benign cell division disorder, our study was conducted to investi-
gate the effects of the relationships between polyamine synthesis and angiogenesis in the formation of endometriosis.

Material and methods: Thirty-five patients with endometriosis and 35 healthy female women were included in the
study. The patient and the control groups were compared regarding the blood levels of agmatine, argininecarboxylase
(ADQ), ornithinecarboxylase (ODC), agmatinase, arginase, ornithine, and the vascular endothelial growth factor (VEGF).

Results: There is a statistically significant difference between the patient and the control groups regarding the agmatinase,
arginase and VEGF levels (higher in the patient group) (p < 0.05). There is no statistically significant difference between
the patient and the control groups regarding the ODC, ornithine and the ADC levels (p > 0.05). There is a statistically
significant difference between the patient and the control groups regarding the agmatine levels (higher in the control
group) (p < 0.05).

Conclusions: The increase in the serum levels of polyamine synthesis enzymes may contribute to the formation
of endometriosis. It is anticipated that the study of the relationship between enzymes and molecules in the polyamine

synthesis pathway and angiogenesis in patients with endometriosis will contribute to the literature.

Key words: angiogenesis; apoptosis; endometriosis; polyamine

Ginekologia Polska 2023; 94, 2: 89-94

INTRODUCTION

Endometriosis is a chronic, benign, often painful disease
seen in 8-18% of young women. The disease causes severe
physical and mental problems. Endometriosis is a disease
that develops due to the formation of a tissue similar to the
uterine mucosa in the outer part of the uterus in the sub-ab-
dominal region, and its spread to various organs (such as the
uterus, peritoneum, oviducts, ovaries, bladder, and intestines).
It has been reported that the number of polyamines, which is
also indicated to be associated with the physiopathology of
endometriosis, increases in body fluids. In this study, the levels
of agmatine, which is essential in the production of major
polyamines, the key enzymes in the synthesis of polyamines
[arginase, argininecarboxylase (ADC), ornithinecarboxylase
(ODC), agmatinase], ornithine, which is an intermediate prod-
uct, and the vascular endothelial growth factor (VEGF) levels
were investigated in cases who has endometriosis.

Corresponding author:
CaglarYildiz

Cumhuriyet University, Turkey
e-mail: dr_caglaryildiz@yahoo.com

Received: 14.03.2022 Accepted: 27.08.2022 Early publication date: 10.10.2022

Polyamines are organic cations found naturally in mi-
croorganism, animals, and plants. Putrescine, the precursor
of major polyamines, is synthesized from arginine in two
different ways through a total of four enzymes (arginase,
ADC, ODC and agmatinase). The ability of polyamines to
work s related to the electrical charge they carry. Although
first detected in semen, polyamines are found in varying
amounts in many cell types. They are mostly observed in
cells with the highest amount of rapid turn-over [1, 2].Poly-
amines are essential for normal cell and tissue functions such
as development, growth and tissue repair. They have roles
in cell proliferation, cell growth, production of proteins
and nucleic acids, repair of extracellular matrix, cell adhesion
and signal transduction processes [1, 3, 4]. Polyamines are
metabolized by aminoxidases and acetyltransferases [2, 5].
They most likely exert this effect through the nuclear
phosphoprotein p53. It was observed that the decrease

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.
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in the amount of polyamine increased p53 gene expression
and suppressed cell growth [2, 6-10]. Polyamines stimulate
NF-KB binding to the specific response elements on DNA
[11]. Polyamines reduce macrophage activation, via NO
metabolism. [12].

In this study, the relationships between polyamine syn-
thesis and angiogenesis in the formation of endometriosis
were investigated.

MATERIAL AND METHODS
The patients and control groups

Between 01.06.2016-01.06. 2017, thirty-five patients,
with endometriosis were included in the study. There was
no age restriction for inclusion to the study. Our control
group consisted of 35 healthy female hospital personnel
without any systemic disease (diabetes or hypertension).
In this study, patients who underwent surgical operation
for benign reasons in gynecology clinic and diagnosed with
endometriosis pathological examination were selected as
the study group. As the control group, patients who un-
derwent surgery for benign reasons, who had no chronic
disease and no endometriosis disease were selected. Local
ethics committee approved this study (Ethics Committee
no: 2015-11/40; dates: 24.11.2015), and consent of the par-
ticipants was obtained for the study.

Collection of samples
Ten mL of whole blood were obtained from the par-
ticipants, centrifuged at 4000 rpm for 15 minutes, and the
serum obtained was aliquoted and stored at -80 °C until
analysis. The measurements were repeated 3 times and the
mean values of the measurements were used.

Determination of arginase activity

We added 9.9 mL of 2.5 MM MnCl2 to 0.1 mL of hemolyz-
ate and left at 55°C for 10 min preincubation. 0.4 mL of
50 mM arginine solution and 0.4 mL of 100 mM carbonate
buffer (pH 9.7) were added to the test and zero-time blank
tubes. We placed 1 mL of distilled water in the blank tube
and 1 mL of urea standard of 0.1 umol/mL in the standard
tube was placed in the blank tube also. In the zero-time
tube, 3 mL of the acid mixture (0.12 M FeClI3 and 20% (v/v)
H2S04 mixture in 56.7% H3PO4) was added followed by
addition of 0.2 mL of enzyme source and the mixture was
vortexed. We placed 3 mL of acid mixture in standard and
blind tubes. To reach the same temperature, the tubes
and the enzyme source were allowed to stand in the 37°C
metabolic water bath for three minutes. Then 0.2 mL of en-
zyme source was added in the test tubes, vortexed and left
in the metabolic water bath for 15 min at 37°C. At the end of
this time, the reaction was stopped by adding 3 mL of acid
mixture to the test tubes.We added 2 mL of color separator

(0.0036 M thiosemicarbazide + 0.0617 M diacetylmonoxime)
to all of the tubes and vortexed. The tips of the tubes were
closed and kept in a boiling water bath for 10 minutes and
the absorbances were read against the blood at 520 nm.

In the calculation; a net absorbance was obtained by
subtracting the zero time blank absorbance from the ab-
sorbance of each test tube. Thus, the endogenous urine
absorbance at the source of the enzyme was excluded from
the calculation. A common factor was found from stand-
ard absorbance, standard urea amount and dilution coef-
ficients. Factor calculation was done as follows:

Factor = (0.1 umol urea /mL) x 10 x5 x 4

The net sample absorbance was multiplied by the factor
in the calculation of the enzyme activity. Enzyme activities
were found in pmol urea/mL/hour (absorbance of 0.1 umol
urea/mL).

Ornithine assay

Initially, the Serum sample was mixed with 1/1 water
and then with 1/1TCA 10%.The supernatant was removed af-
ter centrifugation for five minutes at 3000 rpm.Then 1 mL of
supernatant, 1 mL of distilled waterand 1 mL of 0.18 umol/mL
ornithine solution were added to the test tube, blind tube
and standard tube respectively. Next, 2.5 mL of glacial acetic
acid and 0.25 mL of ninhydrin were added to the tubes.
The prepared tubes were vortexed and mixed in a boiling
water bath for 30 minutes. After the water bath, the tubes
were allowed to coolimmediately and the absorbances were
measured at 515 nm with a spectrophotometer.

The ornithine level was calculated as follows:

Test Absorbance x 2 x Standard Concentration
Ornithine (umol/L) = Standard Ornithine Absorbance
Value

Determination of agmatine levels in serum by
HPLC method
Sample preparation and derivatization

Each of the 2 mL serum samples obtained from the
patients and the controls were separated in two differ-
ent tubes of 1 mL. The first tube was treated with 100ul of
deionized water. The same amount of agmatine standard
(2 UM concentration) was placed in the second tube. Before
the plasma sample in each tube was centrifuged at 1000 x g
for 15 minutes at 4°C, deproteinization was performed with
700 pL of 1M perchloric acid + 0.1 M hydrochloric acid so-
lution and kept in ice for one hour. 1.5 mL supernatant
samples were neutralized with 5M NaOH and mixed with
750 p volume of derivatization reagent. Preparation of
o-phthaaldehyde (OPA) and 2-mercaptoethanol (ME) de-
rivatization reagent: 50mg of OPA was dissolved in T mL of
methanol and ME solution (53 pL ME was mixed into 9 mL
volume of 3% KOH + %3H2B04 solution) was added.
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Extraction, concentration and measurement of serum
agmatine

Due to the materials in the serum that may interact
with OPA, the obtained samples were firstly extracted with
the C18 cartridge. and then injected into the HPLC system.
(Chromoband, Machery e Nagel, Duren, Germany). First, this
cartridge was washed with water and methanol. 2.25 mL
derivatized samples were applied to the cartridge. After
this, the cartridge is filled with 3 mL of water, methanol and
acetonitrile [1/1/1 (v/v/v)], pH13 adjusted with NaOH) and
100 mL of water, methanol and acetonitrile [1/3/5 (v/v/V)],
pH: 3.5, adjusted with acetic acid). Agmatine was eluted
with a second 100mL of water, acetonitrile and methanol
[1/3/5 (v/v/v)], pH3.5, adjusted with acetic acid). We quickly
injected 20 pL of the eluate into HPLC. Agmatine levels
were determined using the HPLC system. The HPLC sys-
tem had a quaternary pump and a fluorescence detector.
The excitation wavelength of the fluorescent detector was
set to 350 nm and the emission wavelength to 450 nm.
Chromatography column C18, Nucleosil 250 mm _4 mm
i.d. (Hichrom, Berkshire, UK). The column temperature was
set to 400C. The mobile phase was formed from a mixture
of 10mM KH2PO4 (46%), acetonitrile (34%), methanol (20%)
and 4.5 mM octyl sulfate sodium salt (pH = 7). The flow rate
was set to be 1 mL/min. Agmatine amounts were measured
by comparing plasma sample chromatograms and standard
chromatograms [13].

VEGF enzyme-linked immunosorbent assay (ELISA)
Enzyme-linked immunosorbent assay was used to
analyze serum VEGF (Cat. No: EO050Hu). The concentration
range of the VEGF standard solution was 3-900 ng/L. Added
40 pL sample 10 uL Human VEGFA antibody, and then 50 pL

Table 1. The descriptive statistics of endometriosis patient

streptavidin-HRP to wells. Plates were incubated at 37 °C for
60 min in the dark. Following incubation, the plates were run
through the buffer solution five times and combined with
50 pl of substrate solution A and 50 uL of substrate solution
B. Incubation of the plates was continued for 10 minutes in
the dark at 37°C. The reaction was terminated with 50 pL of
stop solution, after 10 uL the absorbance value was meas-
ured at 450 nm.

Statistical analysis

In this study, having a = 0.05; 3 =0.20 and (1-3) = 0.80,
the number of individuals constituting the patient and the
control group was determined to be 35 and the strength
of the test was found to be p = 0.80555. The data obtained
in the study were loaded on the SPSS (Ver: 22.0) program
and evaluated from the data; when the parametric test
assumptions were fulfilled (Kolmogorov-Smirnov), the sig-
nificance test of the difference between the two means
was used, and the Mann Whitney U test was used when the
parametric test assumptions were not fulfilled. Regression
and the correlation analyses were applied and the error
level was taken as 0.05.

RESULTS

Thedescriptive statistics of endometriosis patients (Tab. 1).
Dysmenorrhea and dyspareunia symptoms were more com-
monin the patient group thanin the control group. Infertility
was detected more frequently in the study group than in
the control group. In addition, chronic pelvic pain was seen
more frequently in study group, the difference was statisti-
cally significant (Tab. 1).

Since we hypothesize that endometriosis is a benign
cell division disorder, agmatinase, ODC, ADC, agmatine,

Endometriosis Control p value
Ages [years] mean + SD 38.12+9.12 35.82+8.25
Endometriosis (n, %) Control (n, %) p value
Family history of No family history 29(82.9) 32(8.5)
endometriosis First degree relative 6(17.1) 3(91.5)
Yes 11(31.5) 2(5.7)
Infertility
No 24 (68.5) 33(94.3)
Dysmenorrhea Yes 27(77.2) 8(22.9)
symptoms No 8(22.8) 27(77.1)
Yes 22(62.9) 5(14.3)
Dyspareunia symptoms
No 13(37.1) 30(85.7)
Yes 20(57.2) 12 (34.3)
Cronic pelvic pain
No 15 (42.8) 23 (65.7)

n — number, (p < 0.05), compared to control group
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Table 2. Theresults of the Mann Whitney test comparing the levels of agmatinase, ornithinecarboxylase, argininecarboxylase, agmatine, vascular

endothelial growth factor, ornithine, arginase in the patient and the control groups

n Mean Standard deviation
Patient, agmatinase 36 356.92 352.74
Control agmatinase 36 110.39 73.06
Patient ODC 36 1876.57 2094.92
Control ODC 36 826.82 527.85
Patient ADC 36 1006.56 1051.89
Control ADC 36 519.56 321.15
Patient agmatine 36 6.58 4.16
Control agmatine 36 10.85 6.72
Patient VEGF 36 181.07 174.05
Control VEGF 36 105.41 111.56
Patient ornithine 36 0.09 0.01
Control ornithine 36 0.08 0.01
Patient arginase 36 13.59 6.86
Control arginase 36 8.02 5.10

Xia Y v Z P
46.42 1671.00 291.000 -4.021 0.000
26.58 957.00

40.90 1472.50 629.000 -0.214 0.831
32.10 1155.50

41.29 1486.50 475.500 -1.943 0.052
31.71 1141.50

29.64 1067.00 401.00 -2.782 0.005
43.36 1561.00

41.89 1508.00 454.000 -2.815 0.029
31.11 1120.00

39.26 1413.50 548.500 -1.160 0.246
33.74 1214.50

45.79 1648.50 313.500 -3.768 0.000
27.21 979.50

The cut-off value of p < 0.05 was used to interpret the analysis results at the 95% confidence level. p < 0.001 is used to show that results are less than 0.1% common;
ODC — ornithinecarboxylase; ADC — argininecarboxylase; VEGF — vascular endothelial growth factor

VEGF, ornithine, arginase agmatinase levels were examined
in the patients with endometriosis and the obtained values
were compared with the control group (Tab. 2). There is
a statistically significant difference between the patient and
the control groups regarding the agmatinase levels (higher
in the patient group) (p < 0.01). When the ODC levels were
compared, no statistically significant difference was found
between the study groups. (p > 0.05). There is no statisti-
cally significant difference between study groups regarding
the ADC levels (p > 0.05). There is a statistically significant
difference between the patient and the control groups re-
garding the agmatine levels (higher in the control group)
(p<0.05).Thereis a statistically significant difference between
the patient and the control groups regarding the VEGF levels
(higher in the patient group) (p < 0.01). There is no statisti-
cally significant difference between study groups regard-
ing the ornithine levels (p > 0.05). There is a statistically
significant difference between the study groups regarding
the arginase levels (higher in the patient group) (p < 0.01).

The patient and the control groups were compared regard-
ing the levels of agmatine, ADC, ODC, agmatinase, arginase,
ornithine, and the VEGF. Although the patient group’s ODC
and ADC levels are increased by approximately 200% com-
pared to the control group, there was no statistically significant
difference between the two groups in terms of ornithine levels
(p > 0.05). Agmatinase, arginase, and VEGF levels were higher
in the patient group than those in the control group, and the
difference was statistically significant (p < 0.05). Agmatine
levels were lower in the patient group compared to the control
group, and the difference was statistically significant (p < 0.05).

AsshowninTable 1,itis observed that arginase activity,
which is the first enzyme of the polyamine synthesis path-
way, is increased in the patient group compared to the con-
trol group. This increase is statistically significant (p < 0.05).

DISCUSSION

Endometriosis is a common gynecological disease
of benign, hormonal origin. Pelvic pain, dysmenorrhea,
dyspareunia, and infertility are common clinical findings
of endometriosis [14]. Histologically, it is accepted that be-
nign endometriotic lesions occur as a result of genetic errors
that can also lead to malignant transformations. Studies
have detected loss of heterozygosity and the presence of
mutations in tumor suppressor genes. This disease shows
high genetic instability that plays a role in the cellular phe-
notypic changes involved in cancer progression [15].

In the studies conducted in different cancer types in-
cluding lung [16], colorectal [17], prostate [18], pancreatic
[19], skin [20] and stomach [21] cancers, increased argi-
nase activity has been detected and it has been directly
associated with cancer. Assuming that endometriosis is
a benign cell division disorder disease, our findings sup-
port the studies showing increasing arginase activity.
To the best of our knowledge, arginase activity has not been
studied in patients with endometriosis to date, this makes
our results meaningful.

Increased arginase activity will increase ornithine lev-
els. However, noincrease in ornithine levels was observed in
our study. The reason for this finding is the increase of ODC
levels by 200% compared to the control group, although it
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was not statistically significant. Increased ODC levels con-
vert ornithine, which is formed twice as fast, to putrescine.
The studies reporting that ornithine levels do not change
in many cancers such as breast cancer [22] and colorectal
cancer is in line with our results. On the other hand, the fact
that ODC levels are increased in prostate tissue of patients
with prostate cancer [23], in breast cancer [24] and in es-
ophageal cancer [25], supports our data.

ADC, which is the first enzyme in the alternative sec-
ond pathway of the synthesis pathway, was observed to
have doubled in the sera of the patients with endometrio-
sis when compared to the control group, but it was not
statistically significant (Tab. 2). Although this increase in
ADC seems to be in the direction of agmatine formation,
in patients with endometriosis, agmatine levels measured
by HPLC showed a decrease of approximately 40% when
compared to the control group, and it was statistically
quite significant (p < 0.05). The reason why the increase
in ADC levels could not turn in favor of agmatine is the
300% increase in agmatinase enzyme levels that use ag-
matine as a substrate. Since this increase in agmatinase
levels will cause the formation of putrescine, it is signifi-
cant (p < 0.001). Decreased amount of agmatine cannot
control ODC and decrease its proliferation rate [26, 27].
The increase in the amount of enzymes in the polyamine
synthesis pathways (ornithine and agmatine pathway)
caused anincrease in putrescine levels. On the other hand,
an increase of 200% in VEGF levels, which is an indicator
of angiogenesis, shows that vascularization with prolifera-
tion is continued [28]. This statistically significant increase
indicates that the apoptosis process has started. According
to the study of Vodolazkaia et al. [29]; similar to our find-
ings, women with endometriosis had a significantly higher
plasma VEGF concentration compared to controls. VEGF is
necessary for the growth of eutopic and ectopic endome-
triotic tissues [30].

CONCLUSIONS

In conclusion, the increase in the serum levels of polyam-
ine synthesis enzymes may be contributing to the formation
of endometriosis. The fact that the decreased agmatine lev-
els do not have an inhibitory effect on ODC, the regulatory
enzyme in polyamine synthesis, shifts the synthesis pathway
to the direction of the synthesis of major polyamines. Thus,
the increase in proliferation causes the continuation of an-
giogenesis. This is confirmed by the demonstration of the
increase in VEGF levels. Revealing the relationship between
the enzymes and the molecules in the polyamine synthesis
pathway and angiogenesis in patients with endometriosis
for the first time will close the gap in this area to a great
extent.
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Laparoscopy versus open surgery for the surgical
management of tubo-ovarian abscess (TOA).
Is there a beneficial impact of early endoscopic
intervention in terms of fertility rates?
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ABSTRACT

Objectives: To compare success rates and complications in women undergoing laparoscopic versus open surgical
management of tubo-ovarian abscess. We further examined whether early laparoscopic intervention has any impact
on pregnancy rates in a subgroup of infertile patients following frozen-thawed embryo transfer.

Material and methods: Hospital records of 48 patients diagnosed with TOA between January 2015 and December 2020,
who underwent surgical intervention or received only medical treatment were analyzed. All patients were hospital-
ized, and parenteral antibiotics were commenced on admission initially. Laparoscopic or open surgery was performed
within 48 hours course of intravenous antibiotherapy (early intervention) or later according to the clinical findings and
antibiotherapy response.

Results: Of 48 patients with TOA, 18 (37.5%) underwent laparoscopic and 30 (62.5%) underwent open surgical interven-
tion.The median postoperative hospital stay was shorter (4.5 days vs 7.5 days, respectively; p = 0.035), and postoperative
opioid analgesic requirement was lesser in the laparoscopy group compared to open surgery group (22% vs 53%, respec-
tively; p = 0.034). Intra- and post-operative complication rates were similar between the groups. Of these 48 patients,
seven were diagnosed to have TOA following oocyte retrieval, and four of these conceived with frozen thawed embryo
transfer all of whom underwent laparoscopic surgery within 48 hours of diagnosis.

Conclusions: Minimal invasive surgery should be preferred even in the presence of severely adhesive and inflammatory
TOA in order to improve postoperative outcomes. Moreover, early laparoscopic intervention may be considered in infertile

patients with an aim to optimize pregnancy rates in a subsequent frozen-thawed embryo transfer.

Key words: laparoscopy; open surgery; pelvic inflammatory disease; tubo-ovarian abscess
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INTRODUCTION

Tubo-ovarian abscess (TOA) is usually a complication of
pelvicinflammatory disease. It also occurs as sequalae com-
plicated appendicitis or diverticulitis and following pelvic
surgery, and can be severe and life-threatening [1]. Almost
one-third of patients hospitalized for pelvic inflammatory
disease develop a tubo-ovarian abscess. Although old data-
bases reported a mortality rate between 1.7 and 7.1% for PID,
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the mortality rated by Centers for Disease Control and Pre-
vention (CDC) from PID was less than 1% in 2017 [2]. TOAs
are polymicrobial infections usually caused by a combination
of aerobic, anaerobic, and facultative pathogens. Even though
first-line management of TOAs is antibiotherapy with success
rates approaching 70%, some patients especially with bigger
abscess formation do not respond to antibiotherapy well
and require some type of surgical intervention [3]. Historical-
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ly, the gold standard treatment is abdominal hysterectomy
together with Salpingo-Oophorectomy [4]. However, many
patients with tubo-ovarian abscess occur in reproductive
aged women with significant concerns regarding future
fertility seeking for fertility sparing surgical options.
Transvaginal ultrasound or computed tomogra-
phy-guided abdominal drainage and laparoscopic surgery
are well established minimally invasive modalities in the
management of TOAs. Even though there are certain ben-
efits of image-guided drainage in the short term, such as
minimal or no anesthetic risk and less surgical risks [5],
long-term impacts especially on fertility outcomes com-
pared to surgical treatment have not been well studied. With
advanced technology and greater experience, minimally
invasive surgery has been increasingly performed safely and
effectively in the management of pelvis abscess.

MATERIAL AND METHODS

In this retrospective cohort study, conducted January
2015 and March 2020, a total of 48 women who underwent
surgical treatment for tubo-ovarian abscess (TOA) at the
Ankara University Cebeci Hospital and Ankara HRS Women's
Hospital were included. The inclusion criterion was TOA di-
agnosis based on history, physical examination, ultrasonog-
raphy images, and laboratory findings. The exclusion criteria
were non-surgical treatment, including only antibiotherapy
and the absence of full follow-up data.

All patients were hospitalized, and parenteral antibiot-
ics were commenced on admission. They initially received
an empiric antibiotic protocol, including clindamycin plus
gentamicin or cephalosporin and metronidazole. Patients
with a history of antibiotic treatment before admission
and persistent fever beyond 48 hours were treated by imi-
penem or piperacillin-tazobactam. A laparoscopic or open
surgery was performed within 48 hours course of intrave-
nous antibiotherapy (early intervention) or later according
to the clinical findings. The surgical interventions included
a combination of abscess drainage, copious saline irrigation,
adhesiolysis, salpingectomy, salpingo-oophorectomy or
hysterectomy as indicated in surgical exploration findings
and according to patient’s fertility desire.

RESULTS

Among a total of 48 patients with TOA, 18 patients (37.5%)
underwent laparoscopy, and 30 patients (62.5%) underwent
open intervention. Main presenting symptoms and findings
were pelvic pain (52%), uterine tenderness (14.5%), cervical
discharge (0.06%), abnormal bleeding (0.02%), and fever
(16.6%).The median age was significantly higher in the open
surgery group than the laparoscopy group (53.5 vs 34 years,
respectively; p = 0.006). The duration and type of preop-
erative antibiotic use, preoperative white blood cell count,

Table 1. Demographics of the study and control group

Laparoscopy Laparotomy

(n=18) (n=30)

Age, years mean (range) 43 (31-61) 53.5(32-88) 0.006
Gravidity, n (range) 3(0-4) 3.5(1-6) 0.376
Parity, n (range) 2(0-4) 3(0-4) 0.131
Contraception, n (%) 0.276

None 4(22.2) 2(6.7)

Menopause 1(5.6) 5(16.7)

Intrauterine device 2(11.1) 1(3.3)

Coitus interruptus 0(0.0) 1(3.3)
Infertility, n (%) 2(15.4) 0(0) 0.174
Diabetes Mellitus, n (%)  0(0) 2(20) 0.136
Hypertension, n (%) 3(27) 0 (0) 0.074
Cardiovascular disease,
n (%) 0(0) 1(100) 0.283
Previous pelvic
inflammatory disease, 5(27.8) 8(26.7) 0.933
n (%)
Previous ovarian surgery, 0 1 0283
n (%)
Appendectomy, n (%) 3 1 0314
Uterine surgery, n (%) 0 3 0.074
Preoperative antibiotics, 0.243
n (%)

Cephalosporin and 10 (55.5) 14 (46.6)

metronidazole

Gentamycin and 7(70) 5(35.7)

clindamycin

Other penicillin 1(10) 4(28.6)

group drugs and

metronidazole 2(20) 5(35.7)
Preoperative antibiotic
treatment, days (range) 45 (2°8) 31724 L
US findings n (%) 0185

No additional finding 12 (66.6) 19 (86.4) '

Endometrioma 3(16.6) 1(4.5)

Ovarian cancer 0(0) 2(9.1)
Bilaterality of the
abscess, n (%) 6(33.3) 13 (43.3) 0.703
CT performed, n (%) 3(17.6) 14 (82.4) 0.060
Abscess size, n (%)

0-4.cm 3(333) 167) 0012

5-8cm 5 (55.6) 3(20.0)

<8cm 1(11.1) 11(73.3)

CT — computed tomography; US — ultrasound

and serum CRP levels were all similar between the groups.
The size of the abscess was also similar between the groups
(Tab. 1). The type of surgical intervention was drainage in
six patients (33.3%) and nine patients (30%), salpingectomy
in 10 patients (55.6%) and seven (23.3%) patients, hysterecto-
my along with bilateral or unilateral salpingo-oophorectomy
in one patient (11.1%) and 13 patients (43.3%) in laparoscopy
and open surgery groups respectively (p > 0.05). Moderate
to intense adhesiolysis was performed in all patients. There
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Table 2. Main operative and postoperative findings

Laparoscopy Laparotomy
(n=18) (n=30)

Operative findings

Type of operation, n (%)
Drainage 6(33.3) 9(30)

Salpingectomy 10 (55.6) 7(23.3) 0.95

Hysterectomy + BSO/USO 2 (11.1) 13 (43.3)

Others 0(0) 1(3.3)
Duration of operation 95 (40-135) 90 (40-150)  0.341
Bowel injury, n (%) 0(0) 3(10.0) 0.166
Bladder injury, n (%) 0(0) 0(0) N/A
Postoperative findings
Follow-up
Postoperative WBC 13.5 129 0.741
[10%L] (range) (7.1-15.3) (7.8-20.6) '
Postoperative CRP, mg/L 98 106.9 0.552
(range) (10.4-313) (17.7-313) :
Postoperative Fever, °C 374 36.7 0,075
(range) (36.2-38.1) (36.5-37.2) :
Postoperative antibiotics

Cephalosporin and 11(61.1) 13 (43.3)

metronidazole

Gentamycin and 0(0) 5(16.6)

clindamycin 0.217

Piperacillin-tazobactam 1 (5.6) 1(3.3)

Other penicillin 6(33.3) 10(33.3)

group drugs and

metronidazole
Duration of postop.
antibiotic treatment [days] 1wi=] Ll et
Hospital stay, days (range) 4.5(1-16) 7.5 (1-28) 0.035
Analgesia
Postoperative diclofenac 262.5 383.3 0715
sodium [mg] (range) (75-1575) (150-1350) .
Postoperative opioid [mg] 0(0-500) 100(0-900) 0,013
(range)
No. of patients required
opioid, n (%) 4(22.2) 16 (53.3) 0.034
Postoperative
complications
Subileus, n (%) 0(0) 0(0) N/A
Bacteremia, n (%) 0(0) 0(0) N/A
Surgical site infection, n (%) 0 0 N/A
Blood transfusion, n (%) 5(27.8) 6(20.0) 0.535

BSO/USO — bilateral salpingo-oophorectomy/ unilateral salpingo-
-oophorectomy; WBC — white blood cell count; CRP — C-reactive protein;
N/A — not applicable

were no significant differences in intraoperative or postop-
erative complication rates (Tab. 2).

There was no difference in the duration of operation
according to surgical approach (95 min. for laparoscopy vs
90 min. for open surgery; p = 0.341) and blood products’
transfusion (27.8% vs 20.0%, respectively; p = 0.535) (Tab. 2).

Table 3. Impact of early surgical intervention on operative and

post-operative outcome

Surgery
(E:r_l);;?rgery after48h p
- (n=26)
Duration of operation 90 (40-130) 90 (40-150) 0.127
Postoperative WBC 15.3
[1091] (range) 12.8 (7.1-18.5) (7.8-206) 0.482
Postoperative CRP 91.9 202.1 0122
[mg/L] (range) (10.4-173.5) (13.1-313) ’
Postoperative Fever [°C]  36.5 37.2 0.702
(range) (36.1-36.9) (36.5-38.1) :
Duration of
postoperative antibiotic 10 (6-17) 14 (7-28) <0.001
treatment [days]
Hospital stay [days] 5(1-10) 7(1-28) 0.001

(range)

WBC — white blood cell count; CRP — C-reactive protein

However, median postoperative hospital stay was signifi-
cantly shorter in patients who underwent laparoscopy com-
pared to patients managed with open surgery (4.5 days vs
7.5 days, respectively; p = 0.035). Although not statistically
significant, there were three intraoperative bowel injuries
(10%) in the open surgery group and none in the laparos-
copy group. Minor serosal bowel injuries were all repaired
by serosal suturing.

There were no complications including bladder injury,
ileus, and bacteremia in any of the groups. There was less
postoperative analgesic requirement including opioids in
the laparoscopy group compared to open surgery group
(22% patients in laparoscopy group vs 53% in the open
surgery group; p = 0.034). One patient in the laparoscopy
group experienced pulmonary embolism. There were no
secondary surgeries, perioperative deaths, bacteremia, ileus,
bladder/ureteric injury, and vascular injury in both groups.

In a further analysis, we explored the impact of early
surgical intervention (within 48 hours of antibiotherapy)
on postoperative outcome parameters (Tab. 3). Among
all, 22 patients underwent early surgical intervention ei-
ther laparoscopically or open. The postoperative labora-
tory parameters, analgesic requirements, and complication
rates were similar between the groups. However, both me-
dian postoperative hospital stays (5 days vs 7 days; p =0.001)
and duration of postoperative antibiotic course (10 days vs
14 days; p < 0.001) were significantly shorter in the early
surgical intervention group (Tab. 3). In the follow up data,
we observed that 4/7 patients all of which developed TOA
following oocyte retrieval and underwent early laparoscopic
intervention within 48 hours of diagnosis and commence-
ment of antibiotic treatment conceived with subsequent
frozen-thawed embryo transfer. Moreover, 3 of 4 patients
had ovarian endometriomas ranging between 5-7 cm.
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DISCUSSION

In the current study, we demonstrated that laparoscopy
could be safely and effectively performed in the manage-
ment of tubo-ovarian abscess. We found that hospital stay
is shorter and analgesic requirement is lesser in laparoscopy
group compared to open surgery group with similar intra-
operative and postoperative complication rates. Moreover,
we observed that early surgical intervention has advanta-
geous in terms of length of hospital stay and postoperative
antibiotic use, and possibly fertility rates.

The treatment approach for pelvic abscess in reproduc-
tive-aged women is highly dependent on clinical presenta-
tion, patient characteristics, and desire to preserve future
childbearing potential. Despite some published guidelines
on PID and tubo-ovarian abscess by various societies, there
are no clear-cut recommendations and uniform approach
for surgical treatment [6, 7]. Even though most surgeons
historically performed laparotomic approach, laparoscopic
surgery has been practiced as a safe and effective method.
Some guidelines recommend that laparoscopy may pro-
vide early resolution of the disease by dividing adhesions
and draining abscesses [8]. Following widespread use of
endoscopic surgery, multiple advantages have emerged
including shorter hospital stay, cosmetic incisions, and
lower surgical site infection rates compared to open sur-
gery. Moreover, laparoscopy offers direct visualization pro-
viding complete diagnostic accuracy. On the other hand,
laparoscopic surgery may be technically challenging in
some patients with pelvic abscess due to severe adhesions
and obliterated pelvic cavity which requires high surgical
skills and experience.

An early intervention strategy including drainage along
with intravenous antibiotics seems the best treatment ap-
proach to avoid long term complications of TOAs. In a pro-
spective cohort study, CRP was demonstrated to be a sen-
sitive and specific inflammatory marker for predicting TOA
in patients with complicated PID, which significantly cor-
related with success or failure of conservative management
[9]. To et al. [5] demonstrated that patients who received
antibiotics alone were more likely to require further surgical
intervention when compared with patients who additionally
received image-guided drainage. In their study treatment
selection was not affected by the presence of bilateral pres-
ence of abscess. For the long-term follow-up data, there
were no differences between the groups in terms of residual
pain, pregnancy outcomes, or infertility. The fertility rates
were reported as 56.6% in the antibiotic-only group com-
pared to 41.2% in the drainage group. However, it should
be noted that abscess size was larger in drainage group
compared to antibiotic-only group (8.5 vs 5.9 cm) which may
be attributed to the fact that patients in the antibiotic-only
arm generally presented with less severe disease. Notably,

mean duration of hospital stay was longer in drainage group
compared to antibiotic only group (13.3 vs 7.4 days). Size of
the abscess, age of the patient, white blood cell count and
serum CRP levels are found as important parameters for
antibiotic failure in the studies.

Many studies demonstrated that image guided drain-
age alone or together with intracavitary antibiotic irriga-
tion had high success rates in terms of symptom resolution
and no requirement for any additional intervention [10-12].
In a systematic review enrolling a total of 975 patients aged
11 to 86 years, it was found that image-guided drainage
of TOAs was associated with highest success rates, fewer
complications, and shorter hospital stays compared with
laparoscopy [3]. In contrast, other studies found shorter
hospital stay with laparoscopy compared to image guided
drainage. However, there is a great heterogeneity in terms
of success rates, complications, and duration of hospitaliza-
tion and not consistently reported in the studies. Moreo-
ver, the average abscess size ranged from 4.32 to 8.50 cm
and the period forimprovement on antibiotics alone before
the intervention was not standard which varied between 0
and 6 days. In the primary management of tubo-ovarian ab-
scess, we opted to use laparoscopic surgery instead of im-
age guided drainage due to high clinical experience in
both laparoscopy and open surgery. Evet though we don't
have our own clinical data comparing laparoscopic surgery
and image guided drainage, we have quite favorable results
with surgical approach.

Doganay et al. reported an average duration of hospital
stay as two days for laparoscopy, 7.4 days for laparotomy,
and 11 days antibiotics-only treatment [13]. Similarly, Yang
et al. [14] also showed a marked decrease in hospital stay
(5.4 days vs 8.9 days; p <.001) and wound infections with
laparoscopy compared to laparotomy. Regarding the com-
plication rates Carlson et al. found that a laparoscopic surgi-
cal approach was significantly associated with a lower risk
of perioperative complications compared to open surgery
[15]. Even though we did not find any significant difference
in surgical complication rates, bowel injury only occurred
in 3 patients in the open surgery group. Conversion rates
to laparotomy are strictly dependent on surgical skill, en-
doscopic experience, and severity of the adhesions. In aret-
rospective case series study, which compared the outcomes
of 37 patients who were diagnosed with TOA after fertility
treatments with 313 women who were diagnosed with TOA
not associated with fertility treatments, conversion to lapa-
rotomy was more common in patients with endometriosis
[16]. In our study three of laparoscopic TOA patients (16.6%)
had endometrioma related tubo-ovarian abscess, however
there was not any case of conversion to laparotomy. This is
most probably due to the fact that all of the operations were
performed by highly experienced laparoscopic surgeons.

98 www. journals.viamedica.pl/ginekologia_polska



Meltem Sénmezer et al., Surgical management of TOA

The morbidity rates associated with surgical manage-
ment of TOA were reported between 0.8% and 57% [15].
Carlson et al. [15] demonstrated that almost half of the
patients treated with initial conservative management un-
derwent laparoscopic exploration. Notably, studies showed
that early surgical management has some certain advan-
tages over late surgical intervention in terms of shorter
hospital stay, earlier resolution of fever and less blood loss
[17]. Similarly, in the current study we observed that when
laparoscopy was performed within two days of diagnosis
and antibiotherapy, the duration of postoperative hospi-
tal stay, and the length of postoperative antibiotic treat-
ment were shorter. A thorough assessment of risk factors
and identifying patients who may not respond to initial
medical management would allow a prompt surgical inter-
vention that provides a less complicated surgery with lower
morbidity rates. In a large study including 4419 patients,
the laparoscopic group had shorter operation duration
(125 vs 166 min), fewer blood transfusions (4.7% vs 10.0%),
and shorter length of hospital stay (5 vs 7 days; p < 0.001)
compared with the open surgery group (2). As similar, de-
spite similar operation times, the mean duration of hospital
stay was shorter in the laparoscopy group compared to
open surgery group in our study (4.5 vs 7.5 days; p = 0.035).

Tubo-ovarian abscess can also occur following oocyte
retrieval, due to directinoculation of vaginal microorganisms,
from an already existing PID, and direct needle puncture
of a bowel segment. Although the true incidence of pelvic
abscess after oocyte pick up is unknown, it ranges between
0.03% and 0.24% in reported studies [18, 19]. With increasing
number of patients with endometriomas undergoing IVF,
it has been more common to see endometrioma related
pelvic abscess following oocyte pick up. In a retrospective
study, it was demonstrated that pelvicinflammatory disease
in women with endometriosis is more severe and refrac-
tory to antibiotic treatment, and more frequently required
surgical intervention [20]. Similarly, in another case series,
women with TOA after fertility treatments had severe clini-
cal presentation and complicated clinical course compared
with women with TOA not associated with fertility treat-
ments [16]. Furthermore, the rate of surgical intervention,
conversion rates to laparotomy and complication rates were
significantly higher in patients with endometriosis. However,
in a four year follow up study Villete et al. demonstrated
that the onset of infectious processes in women with en-
dometriosis is high variable, ranging from 4 to 120 days,
and can also occur long after ART or even spontaneously
[21]. Despite data are scarce regarding the impact of pel-
vic inflammation on the outcome of fertility treatments,
the reported clinical pregnancy rates are extremely lower
when TOA occurs following an ART cycle. In two different
studies, pregnancy rates were reported as low as 0 and 9%

in patients who develop pelvic abscess, compared to 29 and
30% in the control group without pelvic inflammation [19,
22].Not only the presence of bacterial toxins may result in di-
rect damage to the embryo, but also the pelvicinflammation
can impair embryo implantation via cytokine secretion [23].
However, it is known whether copious irrigation of the pelvic
cavity, resecting adhesions, removing all necrotic debris and
abscess capsule has any further advantage overimage guided
drainage in terms of fertility rates. Regarding the long-term
fertility rates, Buchweitz et al. found that while 3/16 patients
(18.75%) in organ-preserving group achieved live births, only
1/24 women (4.1%) conceived in the non-organ preserving
group. Moreover, the rate of complications was significantly
higher in the group undergoing ablative treatment com-
pared to organ preserving surgery group [24]. In the current
study in a further subgroup analysis, we observed that four
patients who underwent early laparoscopic intervention
conceived in subsequent frozen-thawed embryo transfer
cycles. Of these four patients, three had ovarian endome-
triomas. As some studies reported more extensive pelvic
inflammation and increased incidence of conversion to lapa-
rotomy in patients with endometrioma, these specific group
of patients may benefit from early surgical intervention
in terms of pregnancy outcome.

CONCLUSIONS

We did not find any difference in complication rates,
mean operation time, requirement for blood transfusion
or surgical site infections between laparoscopy and open
surgery groups. However, duration of antibiotic treatment
and the length of hospital stay is shorter and analgesic
requirement is lesser in laparoscopy group compared to
open surgery. We suggest that laparoscopic management
of tubo-ovarian abscess has some certain benefits over open
surgery in experienced hands. It is still not clear whether
early surgical intervention with removal all necrotic material
and copious irrigation has benefit in terms of fertility rates
over image guided drainage in the long term and should
be clarified in further studies. However, it is important such
a study requires a long follow up in a specific group of re-
productive patients asking for future fertility.
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ABSTRACT

Objectives: To compare the dose volume of the target area and the toxicity of pelvic bone marrow-sparing intensity-
-modulated radiotherapy (PBMS-IMRT) with routine IMRT in patients undergoing radiochemotherapy for cervical cancer.

Material and methods: Forty patients with indications for adjuvant radiochemotherapy after cervical cancer surgery
were selected and randomly divided into IMRT (n = 20) and PBMS-IMRT (n = 20) groups to observe and record the toxicity
and its severity in the blood, gastrointestinal tract, and genitourinary system.

Results: There was no significant difference in the target area conformity index (Cl) or homogeneity index (HI) between
the two groups (p > 0.05). The pelvic bone V10-V50 in the PBMS-IMRT group were lower than those in the IMRT group
(p < 0.05), and there was lower hematological toxicity (p < 0.05) and fewer delays or interruptions in chemotherapy and/or
radiotherapy (p < 0.05) in the PBMS-IMRT group. The toxicity to the gastrointestinal and genitourinary systems in the two
groups was not significantly different (p > 0.05).

Conclusions: PBMS-IMRT significantly reduced the dose volume of the pelvic bone marrow, thereby reducing the incidence
of bone marrow suppression. However, it had no significant impact on the gastrointestinal or genitourinary systems.

Key words: cervical cancer; confined pelvic bone marrow; intensity-modulated radiotherapy; toxicity
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INTRODUCTION

Cervical cancer is the third most common malignant
tumor in women worldwide, and it has always ranked
first among gynecological malignancies in China. In re-
cent years, cisplatin-based concurrent radiochemotherapy
has become the standard treatment for advanced cervical
cancer. Compared with radiotherapy alone, concurrent ra-
diochemotherapy can reduce mortality by 30-50% [1-3];
however, it is associated with increased toxicity, especially
acute hematological toxicity that may cause Grade 3 or
higher bone marrow suppression and force patients to stop
radiochemotherapy [4, 5]. Approximately 50% of adult bone
marrow hematopoiesis is concentrated in the pelvic bone
marrow and lower vertebral body [6, 7]. Several studies
have shown that effectively reducing the volume of bone
marrow irradiated during radiotherapy can reduce the risk
of bone marrow suppression in patients with concurrent
cervical cancer chemoradiotherapy [6-10]. Based on the
above studies, as well as on the need to ensure precise
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coverage of the tumor target area while protecting organs
at risk (OAR), this study clinically observed whether pelvic
bone marrow-sparing intensity-modulated radiotherapy
(PBMS-IMRT) can reduce acute side effects and ensure the
smooth progress of concurrent radiochemotherapy in pa-
tients with cervical cancer.

MATERIAL AND METHODS

General clinical information
Forty patients who were admitted to our hospital for
the first time after surgery for early cervical cancer be-
tween May 2016 and May 2017 were selected and divided
into PBMS-IMRT (n = 20) and IMRT (n = 20) groups using
the random table method. All selected patients had under-
gone extensive hysterectomy + pelvic lymph node dissec-
tion, were pathologically diagnosed with cervical cancer
(squamous cell carcinoma or non-squamous cell carcinoma),
and had no preoperative radiotherapy or chemotherapy.
The indications for postoperative radiotherapy included:
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(1) having one high-risk factor after surgery (positive lymph
node metastasis, positive surgical margin, or parauterine
infiltration) and (2) having two medium-risk factors after
surgery (tumor diameter = 4 cm, interstitial infiltration depth
greater than one-third, lymphatic vascular interstitial in-
filtration, or adenocarcinoma). The postoperative stage
was determined jointly by an associate chief physician or
above from the Department of Oncology, the Department
of Oncology, and the Department of Gynecologic Oncology.
The exclusion criteria were as follows: (1) history of hyperten-
sion, diabetes, heart disease, liver disease, kidney disease,
neurologic diseases, other serious diseases, other tumors, or
had received radiotherapy or chemotherapy; (2) no routine
blood tests or computed tomography (CT) examination
before chemoradiotherapy, abnormal blood indicators be-
fore chemoradiotherapy, or distant metastasis on CT; or
(3) contraindications to radiotherapy and chemotherapy.
The study was conducted in accordance with the principles
of the Declaration of Helsinki. This study was approved by
the ethics committee of Wenzhou Medical University. Writ-
ten informed consent was obtained from all participants.

Simulative positioning and target area outline

Each patient was first placed in a fixed position using
a vacuum air cushion and then enhanced CT scan posi-
tioning was performed using a Volume Zoom CT scanner
(Smatom Series, Siemens Healthineers, Erlangen, Germany)
with a scanning layer thickness of 5 mm and a scanning
range of L3-5 cm under the pubic symphysis. The images
were then transmitted to the therapy planning system (TPS)
(Pinnacle 9.10 Radiation Therapy Planning System, Philips
Healthcare, Amsterdam, Netherlands) to outline the target
area. Referring to the Delineation Guidelines issued by the
Tumor Radiation Therapy Cooperative Organization (RTOG)
[11], the clinical target volume (CTV) of the target area was
delineated in the TPS system, including that of the common
iliac lymph nodes, internal and external iliac lymph nodes,
anterior sacral lymph nodes, obturator lymph nodes, lym-
phatic cysts (if any), surgical stump, and 3 cm of the proximal
vagina; the area 5 mm exterior to the CTV (2 mm to the
rectal side) was defined as the planning target volume (PTV).
The CTVs of the small intestines, bladder, rectum, spinal
cord, and bilateral femoral heads were also delineated. For
the PBMS-IMRT group, the CTV of the pelvic bone (all hip
bones, sacrococcyx, and upper femurs in the radiation field)
was delineated, and the area 5 mm exterior to it was defined
asthe PTV.The clinical goals of the dose-volume of the OAR
were V30 < 38% for the small intestine, V40 < 45% for the
bladder, and V50 < 20% for the rectum. The clinical goals
of the dose-volume of the OAR in the PBMS-IMRT group
were V20 < 76% and V40 < 35% [11]. All 40 patients were
treated as planned.

Radiotherapy plan

The treatment plans in the two groups were designed
in the TPS system, the 7-field irradiation method was used
with an X-ray energy of 6 MV, and a Varian 23EX medical
linear accelerator (Varian Medical Systems, Palo Alto, CA) was
used to implement the radiotherapy plan. The prescribed
dose of the PTV was 50 Gy over 25 fractions for five weeks
with a 95% isodose curve surrounding the PTV. Acceptable
evaluation plans were assessed by clinicians and physicists
based on clinical requirements.

Dosimetric evaluation

Combined evaluation was performed by clinicians and
physicists using dose-volume histograms. The homoge-
neity index (HI) and conformity index (Cl) were as follows:
HI = D5/D95, Cl = V95/PTV, where D5 represents the PTV
dose of 5% of the target area, D95 represents the PTV dose
of 95% of the target area, and V95 represents the exposure
volume enclosed by a 95% isodose surface of the prescribed
dose.The Hlindicates the dose distribution in the target area;
the smaller the value, the more uniform the dose distribution
in the target area. The Cl indicates the consistency between
theareasurrounded by theisodose surfaceand the target area,
in a range from 0 to 1; the larger the value, the better the fit.

Chemotherapy
Both the PBMS-IMRT and IMRT groups received concur-
rent chemotherapy during radiotherapy. The chemotherapy
regimen consisted of weekly administration of cisplatin
(CDDP) at 35-40 mg/m? and radiotherapy on days 1, 8, 15,
22,29, and 36.

Classification criteria for acute radiation injury
Acute radiation reactions occurred during treatment or
within three months after the completion of radiotherapy.
The American Radiotherapy Collaborative Group acute ra-
diation injury classification standard [4] was adopted.

Follow-up
The follow-up period was August 2017. Each patient
was followed up for at least three months, and the follow-up
rate was 100%. For each patient, blood tests were regularly
performed in the clinic, and the patients were asked to
self-report by telephone about radiation reactions in the
digestive and genitourinary systems.

Statistical analysis
The statistical software package SPSS 20.0 (IBM, Armonk,
NY) was used to analyze the data, and t-tests were used to com-
pare the target area and the dose-volume parameters in OAR
between the two groups. The corrected fourfold table y? test
was used to compare the delay and/or interruption rates of
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chemotherapy and/or radiotherapy between the two groups.
The non-parametric Mann-Whitney U test was used to compare
acutereactionsin the blood, digestive, and urinary systems. Sta-
tistical significance was established at a = 0.05 and p < 0.05.

RESULTS
The patients were aged between 30-62 years, with a me-
dian age of 50 years and Karnofsky Performance Status
(KPS) [12] scores of > 90 points, including 12 cases of stage
IB1, 9 cases of stage IB2, 8 cases of stage lIA1, and 11 cases
of stage I1A2.

Evaluation of the PTV target area coverage
There was no significant difference in Cl or HI values
between the two groups (p > 0.05) (Tab. 1).

Comparison of the dose-volume
parameters in OAR
There was a significant difference in dose-volume pa-
rameters of the pelvis at various levels between the two

Table 1. Comparison of Cl and HI between groups (X £ S)

Group n cl HI
PBMS-IMRT 20 0.863 +0.025 0.103 +0.024
IMRT 20 0.852 £0.030 0.093 £0.015
t 1.260 1.580

p 0.215 0.122

Cl — conformity index; Hl — homogeneity index; PBMS-IMRT — pelvic
bone marrow-sparing intensity-modulated radiotherapy; IMRT — intensity-
modulated radiotherapy

groups, but not in the dose-volume parameters of the small
intestine, bladder, or rectum between the two groups (Tab. 2).

Comparison of toxicity
The severity of hematological toxicity in the IMRT
group was significantly higher than that in the PBMS-IMRT
group (Z =-2.186, p = 0.038). There was no significant dif-
ference in the severity of toxicity in the lower digestive
tract (Z=-1.492, p =0.136) or the urinary tract (Z=-1.399,
p = 0.162) (Tab. 3-5).

Impact on the completion of the chemotherapy
and radiotherapy plans
The PBMS-IMRT group had a significantly better delay
rate and/or discontinuation rate of chemotherapy and/or
radiotherapy than the IMRT group (p < 0.05) (Tab. 6).

DISCUSSION

Concurrent radiochemotherapy is mainly used
in patients with stage IIB-IVA cervical cancer. Multiple ran-
domized controlled studies have shown that concurrent
radiochemotherapy can reduce the risk of death by 30-50%
compared to radiotherapy alone. However, concurrent ra-
diochemotherapy can also cause severe bone marrow sup-
pression, thus delaying the completion of treatment plans
for cervical cancer, or even causing the suspension of treat-
ment plans in cases with severe bone marrow suppression.
This negatively affects the prognosis. Therefore, to reduce
toxicity in the blood and ensure completion of the planned

Table 2. Comparison of dose-volume parameters in the endangered organs (X = s)

Group Dose-volume PBMS-IMRT
Vio 85.98 £3.01
o 7243+4.98
Pelvis Vi 5291+434
Vo 33.63 £4.23
Ve, 1146+ 1.33
V10 80.66 £ 5.30
V20 60.37£7.29
Small intestine V30 30.28 +6.03
V40 11.34+£5.62
V50 430+1.18
V20 100+ 0
Bladder V30 76.43 £ 8.32
V40 4233+7.32
V50 15.29£2.02
V20 100+ 0
V30 94.37 £2.49
Rectum
V40 46.30+10.34
V50 8.92+246

IMRT t p
90.07 +2.83 4427 <0001
80.02 +4.88 -4.868 <0.001
5872+5.24 -3819 <0.001
38.1245.97 -2.744 0.005
16214322 -6.097 <0.001
82,67 +5.12 -1.220 0.231
64.59 % 8.00 -1.744 0.089
30.96 + 5.27 -0.380 0.706
14.00 +5.94 -1438 0.159
427+136 0075 0.941

1000 0 1.000
75.99 + 8.65 0.164 0.871
42.20%6.70 0.059 0.954
1472+1.95 0.908 0.370

10040 0 1.000
94.11+2.63 0.321 0.321
4529+ 862 0.340 0.739
899 + 2,50 -0.089 0.929

PBMS-IMRT — pelvic bone marrow-sparing intensity-modulated radiotherapy; IMRT — intensity-modulated radiotherapy
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Table 3. Comparison of toxicity in

blood system between groups

PBMS-IMRT

IMRT 20
z -2.186
p 0.038

PBMS-IMRT — pelvic bone marrow-sparing intensity-modulated radiotherapy; IMRT — intensity-modulated radiotherapy

ity in the lower digestive tract between groups

PBMS-IMRT

IMRT 20 1
z -1.492

p 0.136

10 5 4

PBMS-IMRT — pelvic bone marrow-sparing intensity-modulated radiotherapy; IMRT — intensity-modulated radiotherapy

Table 5. Comparison of toxicity in the Urinary system between groups

PBMS-IMRT
IMRT 20 2
z -1.399

i 0.162

PBMS-IMRT — pelvic bone marrow-sparing intensity-modulated radiotherapy; IMRT — intensity-modulated radiotherapy

Table 6. Comparison of delay or discontinuation rates of chemotherapy and/or radiotherapy between groups

PBMS-IMRT

IMRT 8
X2 5.161
p 0.023

12 20 40%

PBMS-IMRT — pelvic bone marrow-sparing intensity-modulated radiotherapy; IMRT — intensity-modulated radiotherapy

concurrent radiochemotherapy, it is necessary to study how
to reduce the irradiation volume of the hematopoietic bone
marrow [4, 13-16].

More than 50% of the hematopoietic activity in the bone
marrow is located in the lumbosacral spine, ilium, ischium,
pubis, and proximal femurs, and these areas are exposed
to varying degrees during pelvic radiotherapy for cervical
cancer. Most studies have confirmed that myelosuppres-
sion in patients undergoing pelvic radiochemotherapy is
related to the volume of the bone marrow receiving 10 or
20 Gy doses [6, 7]. Zhu et al. [17] analyzed 102 cervical can-

cer patients receiving pelvic radiotherapy combined with
cisplatin chemotherapy (40 mg/m?/week) in three Ameri-
can centers, none of whom received granulocyte monocyte
colony-stimulating factor (GM-CSF) or platelet transfusion
therapy. Through the functional logarithmic transformation
of time (weeks), they found that the weekly peripheral blood
cell counts (In [white blood cells (WBCs)] and /n [absolute
neutrophil counts (ANC)]) were reduced and that there
was a significant correlation between the increase in aver-
age photobiomodulation (PBM) radiation doses (V20, V30,
and V40) and the weekly reduction of WBC and ANCs. With
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each 1-Gyincreasein PBM, In (ANC) decreased by 9.6/uL/week
(95% confidence interval, 1.9-17.3, p = 0.015). Subgroup
analysis revealed a significant association between weekly
decreases in In(WBC) and /n (ANC) among the lumbosacral
spine, ischium, and proximal femur. Therefore, the inci-
dence of acute blood toxicity can be decreased by reducing
the dose of pelvic radiation. Three-dimensional chemora-
diotherapy (3D-CRT) and IMRT are the two technologies
currently used to treat pelvic cancer. IMRT reduces the radia-
tion dose to normal pelvic tissues. Compared with 3D-CRT,
although the volume of bone marrow exposed to IMRT is
lower, the incidence of bone marrow suppression in patients
with cervical cancer undergoing concurrent IMRT and radio-
chemotherapy is still high. To date, there is no consensus
on the ability of IMRT to reduce blood toxicity compared
with 3D-CRT technology [18]. At present, most pelvic IMRT
radiotherapy plans do not limit pelvis-endangering doses
in the radiation field, and physicists have not paid enough
attention to further reduce the radiation dose-volume of
the pelvis. Lujan et al. [19] proposed a dosimetric study
of bone-limited pelvic IMRT (BMS-IMRT) and concluded
that it could reduce bone marrow toxicity. Mell et al. [20]
conducted a phase Il study on bone marrow-sparing RT
and Huang et al. [21] reported that PBMS-IMRT reduced
the incidence of hematologic toxicity in patients with
cervical cancer receiving concurrent chemoradiotherapy.
A single-center prospective randomized controlled trial
from 2020 is also underway.

In this study, 40 patients with early-stage cervical cancer
were divided into IMRT and PBMS-IMRT groups. The com-
parison of dosimetry and toxicity in the blood, digestive,
and urinary systems between the two groups revealed that
the severity of hematological toxicity in the IMRT group was
significantly higher than that in the PBMS-IMRT group,
and the on-time completion of the radiotherapy planin the
IMRT group was significantly worse than thatin the PBMS-IM-
RT group (p < 0.05). There were no significant differences
in the severity of digestive and urinary system toxicities
(p>0.05).The hematological toxicity results of this study are
similar to those of Lujan et al.[22] and Gandhi et al. [23], but
the results of Mundt et al. [24] could be useful in indicating
the toxicity reported in the other studies as numbers. How-
ever, this study had a short study period and a small sample
size, and signs of radiotoxicity in the lower digestive tract and
urogenital system can take months to years to appear [4].
The impact on subacute and chronic toxic reactions, as well
as on long-term survival, requires further study.

In summary, PBMS-IMRT significantly reduced radiation
exposure to the pelvic bone marrow and reduced the inci-
dence of bone marrow suppression, thus ensuring on-time
completion of radiochemotherapy plans. This not only ex-
pands the body of research but is also clinically significant.

The impact on subacute and chronic toxic reactions as well
as on long-term survival requires further study.
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ABSTRACT

Objectives: It has been provided that if incubation time of prepared sperm can affect sperm motility and DNA fragment,
but little is known about the influence of sperm preincubation time (SI) on the sperm’s fertilizing ability, subsequent
embryonic development and pregnancy outcomes in in vitro fertilization (IVF). The aim of this study was to explore the
association of S| with fertilization rate, embryo development and clinical outcomes in IVF, further, to find an optimal
preincubation time for prepared sperm before insemination in IVF.

Material and methods: This retrospective cohort study included a total of 1453 infertile couples undergoing IVF in our
center performed from January 2016 to January 2019. Sperm were preincubated at 37°C 6% CO, for different times before
insemination. Preincubation time associated with fertilization rate (FR), 2PN rate, D3 good quality embryo rate, fresh
embryo implantation rate (IR), blastocyst formation rate, cumulative pregnancy rate (CPR), cumulative ongoing pregnancy
rate (COPR), cumulative live birth rate (CLBR), newborn health and gender ratio were analyzed by chi-square analysis.

Results: FR and 2PN rate of SI more than four hours SI groups (> 4 h SI group) decreased significantly compared with
other Sl groups (p < 0.01). There were no significant differences of the D3 high quality embryo rate among five Sl groups.
The blastocyst formation rate of >4 h Sl group was significantly lower than that of 2-3 h SI group (45.5% vs 56.1%, p < 0.05);
and 1-2 h Sl group also had significant difference with 2-3 h and 3-4 h Sl group (48.9% vs 56.1% and 54.6%, p < 0.05).
There were a significant decrease of fresh IR and CPR in <1 h SI group compared with 1-2 h Sl group (19.6% vs 38.0%,
p < 0.05; 62.7% vs 73.7%, p < 0.05); < 1 h Sl group also have the lowest CLBR (45.6%), it had statistic differences with
1-2 Sl group and 3-4 Sl group (45.6% vs 63.2%, p < 0.01; 45.6% vs 61.2%, p < 0.05).

Conclusions:The sperm preincubated time at 37°C 6% CO, before insemination could influence sperm fertilizing ability,
blastocyst formation, embryo implantation and CLBR in IVF cycles. The best time for prepared sperm preincubation at
37°Cis one to four hours before insemination in IVF.

Key words: sperm; preincubation time; IVF; fertilization rate; embryo development; cumulative live birth
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INTRODUCTION
Immediately following ejaculation, human sperm lack
the ability to fertilize. To achieve fertilization-competence,
sperm must undergo several metabolic and structural
changes, collectively known as capacitation [1]. During
capacitation, modification of membrane characteristics,
enzyme activity, and motility property of spermatozoa
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render these cells responsive to stimuli that induce
the acrosome reaction prior to fertilization [2]. Sperm
capacitation is a temperature dependent phenomenon
since variations in the incubation temperature cause al-
terations in key events associated with these processes.
Atroom temperature, sperm cells are in a‘quiescent’state
(non-capacitated, with low percentages of spontaneous
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AR), but when exposure to 37°C, capacitation-related
events are activated [3].

Sperm quality is an important predictor of fertility
and successful IVF outcomes. To date many studies have
been conducted to evaluate the relationship between sperm
parameters and sperm incubation time at 37°C. Several stud-
ies [4-6] have shown that there is a significant decrease
in sperm motility when processed sperm are incubated > four
hours before use in IVF. In other studies, a preincubation time
of > 6 hours can have deleterious effects on sperm func-
tion whereby oxidative stress and reactive oxygen species
production increases over a 24-hour period, promoting
DNA fragmentation [7]. Further, two groups showed that
sperm DNA fragmentation significantly increased, either
after a two hour incubation period [8] or after a four-hour
incubation period [9]. In other studies, when human sperm
were incubated under capacitating conditions up to 24 h,
a significant increase in acrosome loss over time was ob-
served [10]. Further, in related experiments, after sperm
were preincubated for three hours, it was observed that
the percentage of acrosome reactions significantly in-
creased but the spermatozoa ATP concentration did not
change between one and three hours [11].

In routine IVF, processed sperm are incubated at 37°C
incubator to promote capacitation. Currently, different labo-
ratories select a range of incubation times from as short as
under one hour to as long as five hours. To date, there have
been no systemic studies to correlate the optimal time for
sperm incubation and IVF outcomes. To address this is-
sue, we retrospectively analyzed the relationship between
sperm incubation time at 37°C with fertilization, embryonic
development and cumulative clinical outcomes in a large
cohort of patients.

MATERIAL AND METHODS
IVF patients

This study enrolled 1453 women who had completed
1622 IVF cycles performed from January 2016 and Janu-
ary 2019 at the Department of Reproductive Medicine in
Calmette Hospital, Kunming, China. We included hyper-
stimulation cycles in which the male partner had normal
sperm parameters or only mild male factor. Couples were
excluded from the study if they had complete fertilization
failure, or their fertilization rate was less than 30%. IVF cycles
were divided into five test groups according to the prepared
sperm incubation time before insemination, namely, < 1h,
1-2h, 2-3h, 3-4h and > 4h.

Ovarian stimulation and laboratory procedures
Women were treated with 1.5mg of Diphereline (trip-
torelin acetate for injection; IPSEN PHARMA BIOTECH,
France) on day 21 of their previous menstrual cycle. After

the serum oestradiol concentration had decreased
to <50 pg/mL, 75-225 IU of recombinant human follitropin
(GONAL-f: Merck Serono SA Aubonne Branch, Switzerland)
was administered. Oocyte maturation was induced by injec-
tion of 5000-10,000 IU of chorionic gonadotrophin (Livzon
Pharm, China) when more than three follicles of = 18mm
diameter had developed in both ovaries. Cumulus oocyte
complexes (COCs) were then retrieved 36h post trigger by
ultrasound-guided transvaginal follicular aspiration. COCs
were finally collected in buffered medium (G-MOPS® PLUS,
Vitrolife, Géteborg) containing Human Serum Albumin
(HSA) and then incubated at 37°Ciin 6% CO, and 95% rela-
tive humidity (RH) in culture medium containing HSA (IVF®,
Vitrolife Sweden AB, Goteborg, Sweden).

On the day of oocyte pick up (OPU), sperm samples
were collected from male partners by masturbation fol-
lowing two to seven days of sexual abstinence. Samples
were analyzed for sperm count, motility and morphology
according to the 2010 parameters of the World Health Orga-
nization [12]. After sperm liquefication sperm was purified
through a density gradient comprising two 1 mL layers
of 40% and 48% Sperm Isolate (Isolate, Ovrine). After de-
position of 1-1.5 mL liquefied sperm onto the 40% layer,
and centrifugation at 300xg for 10 minutes, the pellet was
collected and washed with 2 mL of IVF Plus Medium at 200 g
for two minutes. The final pellet was then resuspended
in IVF Plus Medium (0.3-1.0 mL) at a final concentration
of 3-5 x 10% sperm/mL. The whole process was performed
at room temperature. Processed sperm was then preincu-
bated at 36°Cin 6% CO, and 95% relative humidity (RH) for
either < 1h, 1-2h, 2-3h, 3-4h or > 4h.

Approximately 10,000 motile sperm were added into
50 pL culture medium drops (IVF® Vitrolife, Goteborg) four
hours after COCs collection (each drop contained one or
two COCs). Cumulus cells were subsequently removed at
16-19h post-insemination and the zygotes were washed
and transferred to independent drops of 25 uL of culture
medium (G1°, Vitrolife, Goteborg) covered with mineral
oil (OVOIL®, Vitrolife, Goteborg) and then incubated at
37°Cin 6% CO, and 95% RH. Fertilization was assessed
by the presence of pronuclei (PN) and extrusion of two
polar bodies.

Day three (D3) embryos were classified according to
thelstanbul consensusWorkshop on Embryo Assessment[13].
Grade 1 was defined as good quality embryos with frag-
mentation < 10%, 7-9 blastomeres and no multinucleation;
grade 2 as fair quality embryos with 10-25% fragmentation,
more than six blastomeres and no evidence of multinucle-
ation and grade 3 as poor-quality embryos with > 25%
fragmentation, less than five cells (or abnormal cell size)
and evidence of multinucleation. On D3, two of the best
quality embryos were transferred into the uterus or frozen,
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and the rest were cultured to D5 or D6. Blastocysts reaching
the expansion stage, with inner cell mass and trophecto-
derm layer Gardner scores of A or B [14], were frozen. On
D3 or D5 1-2 optimal embryos were selected for transplan-
tation and following transfer, women were given corpus
luteum support.

Statistical analysis

Data is presented as the mean =+ standard deviation
(SD) for all the continuous variables whereas categorical
variables were presented in percentage form. The differ-
ence of continuous variables between the study groups was
evaluated by ANOVA and percentage data was evaluated
by Chi-square test. P < 0.05 was considered statistically
significant. All statistical analyses were performed using IBM
SPSS 16.0 (New York, USA) statistical software.

Normal fertilization (2PN) rate was calculated as number
of 2PN zygotes/number of MIl oocytes. The fertilization
rate was calculated as number of multi-PN, 2PN zygotes
and 1PN zygotes/number of Mll oocytes. Blastocyst forma-
tion was defined as development past the early blastocyst
sage. Clinical pregnancy was defined as the presence of one
or more gestational sacs visualized on ultrasound two weeks
afterembryo transfer. CPR was based on a clinical pregnancy
following the use of all fresh and frozen embryos derived
from a single ovarian stimulation cycle (clinical pregnancy
after embryo transfer performed between January 2016 to
June 2020). The implantation rate was calculated as num-
ber of gestational sacs/number of embryos transferred;
cumulative ongoing pregnancy was defined as cumulative
pregnancy with a detectable heart rate after 12 weeks of
gestation, CLBR was defined as the first live birth following
the use of all fresh and frozen embryos derived from a single
ovarian stimulation cycle (live birth after embryo transfer
performed between January 2016 to June 2019).

Table 1. Baseline characteristics of the patients in the SI groups

RESULTS
Baseline characteristics of the patients

and sperm incubation groups
Patients (n = 1453) were divided into five SI groups,
namely < 1 h, 1-2 h, 2-3 h, 3-4 h or > 4 h. The baseline
characteristics and sperm parameters for each Sl group
are summarized in Table 1. For the female, age, BMI, dose
and days of gonadotrophin stimulation and days of gonado-
trophin showed no statistical difference between each SI
group. For the male, age and sperm volume, concentration
and morphology also showed no statistical differences be-
tween the Sl groups. However, the mean number of Mil
oocytes and D3 good quality embryos per cycle were sig-

nificantly fewer in the < 1Th and > 4 h Sl groups.

Fertilization rate and embryo development

in the Sl groups

There was a significant correlation between the Sl time
for fertilization and embryo development outcomes (Tab. 2).
The fertilization rate for < 1 h and > 4 h Sl groups was sig-
nificantly lower (p < 0.05) than other SI groups. The 2PN
rate of >4 h Sl group was also significantly lower than other
Sl groups (p < 0.01). The blastocyst rate of > 4 h SI group
was significantly lower than 2-3 h SI group (45.5% vs
56.1%, p < 0.05); and 1-2 h SI group also had significant
difference with 2-3 h and 3-4 h Sl group (48.9% vs 56.1%
and 54.6%, p < 0.05). However, there were no difference
in the percentage of D3 good quality embryos amongst
the Sl groups (p > 0.05).

The influence of sperm incubation time to the IVF treat-
ment and birth outcomes is shown in Table 3.

Embryos from the < 1 h SI group had a lowest im-
plantation rate from fresh embryo transfer cycles (19.6%),
and there was a significant difference compared with
1-2 Sl group (p < 0.001). Among 1946 ovarian stimulation

<1h(n=95) 1-2h (n=523)
Female age [years] 349+53 33.8+5.2
BMI [kg/m?] 21.0+3.1 22.1+39
Male age [years] 373+54 36.2+59
Sperm Volume [mL] 27+12 28+14
Sperm Concentration [10%/mL] 63.4+27.9 70.7 +31.8
Sperm Morphology abnormal [%] 935+25 93.1+£29
WHO sperm a [%] 39.1+99 40.0+10.6
Total dose of gonadotrophins [IlU/mL]  2859.5+1156.3 2587.8 + 1065.1
Days of gonadotropin stimulation 109+ 1.7 11.1£1.8
Mean No. of Mil oocytes 8.1+58 10.7 £ 6.3°
Mean No. of D3 good embryo 2.6%¢ 3.3b

Data are presented as mean = SD; WHO — World Health Organization

2-3h(n=725) 3-4h(n=226) >4h(n=53) p value
33.9+54 337454 346+49 0319
222+3.1 235+ 184 216429 0.253
35.9+6.2 355+6.6 357 £52 0.231
27+18 3.0+44 28+12 0.836
733+336 72.7 +34.6 68.6+17.6 0.114
933+28 93.4+3.0 94419 0.269
40.9+10.0 40.6+10.8 40.1£73 0.085
26042+1079.4 2580.2+1202.6 2733.8+1549.3 0313
11.0+£1.9 109+1.9 10.6+2.5 0.801
104 £6.5° 10.7 £6.6° 73 +4.12 0.001
B 3.40 2. 0.035
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Table 2. Fertilization rate and embryo development in the SI groups

<1h 1-2h 2-3h 3-4h >4h total

= 90.6% 92.6% 91.9% 92.3% 85.5% 92.0%
(693/765)2 (5182/5594)P (6956/7567)2 (2231/2418)P2 (389/455)¢ (15451/16799)

TG 82.9% 82.3% 82.5% 82.8% 75.4% 82.3%
(634/765)° (4603/5594) (6239/7567) (2001/2418) (343/455)° (13820/16799)

N P U 40.5% 39.5% 38.4% 40.0% 36.4% 39.0%

9 4 (250/617)2 (1768/4477)2 (2341/6095) (776/1940)° (122/335)2 (5257/13464)
Blastocyst formation rate  55-2% 48.9% 56.1% 54.6% 45.5% 53.2%
4 (116/210)2 (796/1629)% (1245/2220)¢ (341/625)2d (45/99)20d (2543/4783)

FR — fertilization rate; FR: #® — P<0.05 — < — p < 0.01, ¢ — p < 0.01; 2PN rate: *® — p < 0.01; blastocyst formation rate: >< — p < 0.05, <4 — p < 0.05, "9 — p < 0.05

Table 3. The influence of sperm incubation time to the IVF treatment and birth outcomes

<1h 1-2h 2-3h 3-4h >4h Total
IR 19.6% (11/56)*  38.0% (89/234)®  35.0% (131/374)®  34.2% (39/114)  333%(5/15®  34.7% (275/793)
Fresh ET /Frozen ET 25/68? 123/509? 195/700? 60/2122 8/452 411/1535
D3ET/DSET 78/152 509/1232 722/1732 234/38? 43/10° 1586/360
Mean cycles of ET 1.242 1.382 1392 1.352 1.292 137
f\',;‘(?:fr:;s;yg 16/772 99/533° 151/7442 34/238° 6/47° 307/1639
CPR 62.7% (47/75)°  73.7% (337/457)° 67.7% (435/643)2  72.1% (145/201)>  68.3% (28/41)%  70.0% (992/1417)
COPR 53.3% (40/757  65.0% (297/457) 59.4% (382/643)°  63.2% (127/201)  51.2% (21/41  61.2% (867/1417)
CLBR 45.6% (31/68)°  63.2% (265/419)°  56.7% (337//594)%¢ 61.2% (112/183)>¢  52.8% (19/36)><d  52.8% (764/1300)
sex ratio (male: female)  0.76 (16:21) 1.06 (169: 159)  0.92(201: 218) 1(76:76) 1.46 (16:11) 0.99 (478:485)
Fetus malformation rate 0% (0/37) 0.3% (1/328) 0.95% (4/421) 0.7% (1/152) 0% (0/27) 0.6% (6/965)

CPR — cumulative pregnancy rate; COPR — cumulative ongoing pregnancy rate; CLBR — cumulative live birth rate; IR: >® — p < 0.01; CPR: #® — p < 0.05;
COPR:® — p < 0.05; CLBR:>® — p < 0.01,°*— p < 0.05,2¢ — p < 0.05,“¢ —p > 0.05

cycles resulting in embryo transfers (fresh or/and frozen em-
bryo transfer), 998 had one ET, 332 had 2 ETs, 75 has three ETs
and 14 had more than three ETs. There were no differences
in the mean embryo transfer cycles, ratio of single and two
embryos transfer cycles and ratio of D3 cleavage embryo
and D5 blastocyst embryo transfers among Sl groups; how-
ever, the < 1h Sl group had the lowest cumulative clinical
outcomes. The CPR and COPR were not significantly differ-
ent among the five Sl groups. However, < 1h Sl group also
have the lowest cumulative live birth rate (CLBR) (44.0%), it
had statistic differences with 1-2 Sl group and 3-4 Sl group
(45.6% vs 63.2%, p < 0.01; 45.6% vs 61.2%, p < 0.05). There
were no significant differences for newborn health and
gender ratio outcomes between the five Sl groups.

DISCUSSION
In this retrospective study, we investigated the relation-
ship between sperm incubation time and IVF outcomes. Our
results showed that different preincubation time at 37°C 6%
CO, for processed sperm before insemination can affect
the fertilization rate, the 2PN rate, the blastocyst formation
rate and embryo implantation rate in IVF. In addition, there
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were some differences in cumulative clinical outcomes such
as cumulative pregnancy, cumulative ongoing pregnancy
and cumulative live birth. For achieving improved IVF out-
comes, our findings suggest that the optimal preincubation
sperm time is one to four hours before insemination.

We separated the IVF cycles for five groups as < 1 h,
1-2 h, 2-3 h, 3-4 h and > 4 h S| groups, and analyzed
the effect of different incubation time on IVF fertilization
rate. The results showed a significant decrease in fertiliza-
tion rate and 2PN rate with > 4h Sl time (p < 0.01), these re-
sults could be explained by two conclusions proved before,
the sperm motility and viability decline rapidly when sper-
matozoa were incubated at 37°C for more than four hours [4].
The fertilization rate will decrease with the sperm loss
of motion [15]; and high sperm DNA fragmentation has
a significant negative association with fertilization rate [16],
more than four hour incubation of sperm will increase the
DNA fragmentation [8, 9, 171.

The results also showed a significant decrease in fertiliza-
tion rate with < 1 h Sl time (p < 0.05). this is a phenomenon
we have not noticed before. However, try to look on the
time course of sperm capacitation and AR, we could find the
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seasonality of this result. Prior to interaction with the oocyte,
spermatozoa must undergo capacitation, then become able
to undergo the acrosome reaction and to develop hyper-
activation, these two capacitation-associated events will
allow sperm to pass through the cumulus oophorous that
surround the egg, to bind to and penetrate the zona pel-
lucida, and finally to fuse with the egg plasma membrane.
A series events happened during sperm capacitation, many
key events are time-dependent, for example, the superoxide
production of human spermatozoa started immediately at
the beginning of incubation under capacitating, reached
a plateau 15-25min later, and was sustained for > 4 h [18].
Early events during capacitation are the production of ROS
and activation of the PKA pathway, the PKA activity is maxi-
mal at 30 min of capacitation in human sperm [19- 21].
Sperm hyperactivation peaked after one to three hours
of incubation [18] and the phosphorylation significantly
increased 1h after the beginning of the incubation, which
play arole in the control of sperm motility [22]. There is also
an increase in the SH content of Triton X-100 detergent-
-soluble proteins, which is time-dependent occurring during
the first 30-60 min of capacitation [23, 24]. Therefore, it is
possible that the sperm preincubation time less than one
hour would be insufficient for capacitation.

We also analyzed the effect of sperm Sl time on D3 em-
bryo quality and blastocyst formation. > 4h Sl time has
effect on blastocyst formation rate, compared with 2-3 h
Slgroup, the difference was significantly (p < 0.05), whereas
there was no such effect on D3 embryo quality. Whether
embryo quality in IVF cycles negatively correlated with
sperm DNA fragmentation, however there is a controversy,
Xue et al. [25], did not find DNA fragmentation affecting
the effectiveness of IVF, however, several other studies
confirmed sperm DNA fragmentation does have negative
effect [16, 26-28]. If sperm incubation time truly associated
with the increasing of DNA fragmentation, our results will
support the conclusion of sperm DNA fragmentation have
negative effect to embryo development and blastocyst
formation in IVF.

In addition, we evaluated the effect of sperm on IVF out-
come with different preincubation time. The results showed
that shorter than one hour Sl significantly effect IR in fresh
embryo transfer cycles after IVF, the CPRand CLBRof < 1 h
Sl group were also at the lowest level, there are no relative
studies on this, one reason could be the quantity of good
embryos in this SI group was significantly fewer, but it is far
from adequate, we speculate that when sperms are preincu-
bated for less than one hour, most of the optimized sperms
not be stimulated enough, the competitive mode is not fully
opened, some sub-optimal sperms have the opportunity
to penetrate into the oocyte. These sub-optimal sperms

decrease the embryos implantation ability, then decrease
the CPR and CLBR, it’s just a speculation, to confirm this
speculation, research on changes of sperm incubation time
should be further shorten to less than one hour.

There were no differences in the effect of > 4 h Sl time
on IR, CPR, COPR and CLBR, however, these parameters were
lower among five Sl groups. While the association between
sperm DNA fragmentation and alterations in pregnancy
or live birth rates in IVF also have contrary, a negative cor-
relation between the intensification of DNA fragmentation
and the achievement of pregnancy and live birth in IVF has
been reported [16, 26-28], whereas other author reported
there was no influence [29]. For the data we calculated were
CPRand CLBR, and the outcomes they evaluated were preg-
nancy rate and live birth rate, there was an inconsistency in
evaluation method. We cannot support the views of either
side.However, therewerealotofearly pregnancylossin>4hSI
group (CORP minus CPR), this was inconsistent with previous
research which demonstrated there was no increased risk
of early miscarriage after IVF in high sperm DNA fragment
groups [29].

CONCLUSIONS

In conclusion, the findings of this study demonstrate
that sperm preincubation time has effect on the fertilization,
embryo quality and clinical outcome after IVF. One to four
hours preincubation time for prepared normozoospermic at
37°C6% CO, prior to be used should be considered as a nec-
essary procedure in IVF. In order to keep this preincubation
time, we suggest that normozoospermic samples collection
could be taken three to five hours before insemination, we'd
better to guide couple males collect semen post oocyte pick
up, after COCs checking and insemination plan making. Fur-
ther research is required into the mechanisms responsible
for effecting of short sperm incubation time on IVF.
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ABSTRACT

Objectives: The aim of our study is to examine maternal serum Elabela levels in pregnancy with intrauterine growth
retardation (IUGR). IUGR is one of the most important causes of perinatal mortality and morbidity. IUGR is also related
future comorobidities such as diabetes mellitus, hyperlipidemia, hypertension and coronary artery disease.

Material and methods: Fifty pregnancies diagnosed as IUGR (Group 1) and fifty healthy pregnancies (Group 2) enrolled
into the study. Obstetric and demographic characteristics of the patients, serum elabela levels, ultrasound parameters,
cord pH value and APGAR scores of the newborns were recorded. In the study, which was planned as a prospective
case-control study, an independent t test was used for the evaluation of continuous data and the Mann Whitney U test
was used for the statistical evaluation of ordinal data. p < 0.05 was considered significant.

Results: The mean gestational age of the cases at delivery was 36.35 £ 1.29 in Group 1 and 38.16 + 0.94 weeks in Group
2 (p < 0.05). Mean serum Elabela levels were 15.05 £ 9.03 in Group 1 and 8.96 + 4.33 ng/mL in Group 2 (p < 0.0001).
Mean newborn weights were 2498.20 + 465.92 in Group 1 and 3179.44 + 387.99 gr. in Group 2 (p < 0.0001). Systolic and
diastolic blood pressure measurements taken on the day of delivery were higher in Group 1, and diastolic blood pres-
sure was 77.0 £9.53 in Group 1 and 72.60 + 13.37 mmHg in Group 2 (p < 0.05). Bilateral uterine artery Pulsatile Index (PI)
and umbilical artery Pl value were significantly higherin Group 1 (p < 0.05), and middle cerebral artery Pl and cerebroplacen-
tal ratio were significantly lower in Group 1 compared to Group 2 (p < 0.05). Although the cord pH value, 1st and 5th minute
APGAR scores were lower in Group 1 compared to Group 2, no statistically significant difference was found (p > 0.05).

Conlusions: In our study, it was found that serum Elabela levels increased significantly in pregnancies complicated by

IUGR compared to the control group.

Key words: pregnancy; intrauterine growth retardation; Elabela
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INTRODUCTION
Normal fetal growth depends on maternal, fetal, placen-
tal, and external factors as well as genetic growth potential.
Disruption in one or more of these factors may affect fetal
growth and lead to intrauterine growth retardation (IUGR)
[11. IUGR, which is often defined as birth weight below the
10t percentile, remains to be one of the important causes
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of perinatal mortality and morbidity in modern obstetric
practice [2]. Perinatal mortality rate in infants with IUGR
increases 10-20 times compared to that in normal infants
[3]. IUGR is also closely related to postnatal morbidities,
such asinsecure fetal condition, perinatal asphyxia, need for
prolonged stay in the neonatal intensive care unit after de-
livery, and hypoglycemia. In addition, there is an increased
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risk of coronary artery disease, type 2 diabetes mellitus,
hyperlipidemia, psychiatric diseases, and hypertension
in fetuses with IUGR at later ages [4].

In recent years, Doppler ultrasonography has become
a popular imaging method in the antenatal diagnosis of
IUGR, because it is both non-invasive and easily applicable.
Owing to this method, the presence and severity of fetal
hypoxemia can be accurately determined and a significant
reduction in mortality and morbidity can be achieved with
timely intervention [5]. In addition, fetal biophysical profile
(BFP), nonstress test (NST), and arterial and venous Dop-
pler ultrasonography appear to be synergistically effective
in detecting fetal risk in early-onset IUGR and prolonging
pregnancy safely [6].

Elabelais a placental peptide hormone that was recently
discovered to be the endogenous ligand for apelin (APJ),
a receptor bound to G-protein. The APJ receptor is widely
expressed in several tissues of the human body. Apelin is
another endogenous ligand of the APJ receptor that is of
the same origin as that of Elabela. Elabela and apelin have a se-
ries of similar functions. Elabela-APJ system also plays an im-
portant role in fetal cardiovascular development. In addition,
this system has shown to have important biological effects,
such asembryonic development, skeletal development, angi-
ogenesis, and vascular morphogenesis. Theoretically, Elabela
could play arole in preventing preeclampsia by lowering the
blood pressure and proteinuria levels during pregnancy. Also,
the deficiency of Elabela may cause developmental defects
in the embryo and various morbidities in pregnant women.
Several studies to date have, therefore, investigated the re-
lationship between Elabela levels during pregnancy and the
development of preeclampsia, gestational diabetes mellitus,
and obesity [7, 8]. However, according to our knowledge,
the association between serum Elabela levels and IUGR in
pregnant women has been studied in only one study.

The aim of this study is to investigate the possible rela-
tionship between Elabela levels during pregnancy and IUGR.

MATERIAL AND METHODS

This single center prospective case-control study was
conducted on pregnant women who presented to the gyne-
cology and obstetrics department for antenatal examination
between 2017 and 2018. Before starting the study, approval
was obtained from the local ethics committee (Ethics Com-
mittee approval no: 2018.09.06-14-15). Informed consent
was obtained from all the study participants.

Patient selection
A total of 100 cases, including 50 cases (Group 1) di-
agnosed with IUGR and followed up in the Gynecology
and Obstetrics Clinic, and 50 cases with normal fetal devel-
opment (Group 2), were included in the study.

Determination of gestational age was made according
to the last menstrual period and confirmed by ultrasonog-
raphy in the first trimester. The antenatal diagnosis of [IUGR
was based on the fetal abdominal circumference below
the 10th percentile at the 3rd trimester. Umbilical artery
pulsatility index (PI), Middle Cerebral Artery (MCA) Pl or
cerebro-placental ratio (CPR) values were used in Doppler
ultrasonography in order to differentiate the fetuses with
IUGR from small for gestational age fetuses. The IUGR group
(Group 1) was thereby composed of the patients with abnor-
mal Doppler ultrasonography parameters mentioned above.
(Umbilical Artery Pl > 95t percentile, Cerebroplacental Ratio
and MCA PI <5th percentile were considered abnormal).

Patients were excluded from the study if they had a se-
vere physical disease, pregestational diabetes, liver and kid-
ney failure, any endocrine disorder, hematological disease,
received medical treatment for any reason in the last three
months, chronic inflammation or infection, patients under
19 and over 35 years old, patients with BMI < 19 and > 30,
small for gestational age fetuses, multiple pregnancies, con-
genital anomalies, fetuses with risk of genetic screening
tests (> 1/250) and if they were smokers and drugs and
alcohol abusers.

Biochemical and coagulation parameters, complete
urinalysis, complete blood counts, systolic and diastolic
arterial blood pressure values of the cases included in the
study were recorded on the day of delivery.

Sampling and evaluation

Ten milliliters of venous blood samples were col-
lected from all pregnant women included in the study to
determine Elabela levels. The blood samples were centri-
fuged in the laboratory of Biochemistry Department at FU
and stored at —80°C. Serum Elabela levels were analyzed
using human Elabela enzyme-linked immunosorbent assay
(ELISA) kit (Shanghai Sunred Biological Technology Co., Ltd,
catalog no: 201-12-8569, China), according to the instruction
manual. Absorbances were read spectrophotometrically
at 450 nm in an ELISA microplate reader (Thermo Scien-
tific, Multiskan FC, USA). The results were given in ng/mL.
The kit sensitivity was 0.118 ng/mL, the measurement range
was 0.15-40 ng/mL.

The measurement process of Elabela levels was per-
formed on the condition that the laboratory technician was
unaware of the results and the patient group.

Statistical evaluation
SPSS 21.0 program (IBM, Armonk, NY, USA) was used for
statistical analysis of the data. The Kolmogorov-Smirnov test
was used for normality analysis of continuous variables.
An independent sample t-test was used for comparison of
normally distributed continuous variables, and the Mann-
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-Whitney U test was used to compare continuous variables
without normal distribution. The Fischer’s exact test was
used to compare proportional distributions of 2 x 2 nominal
variables, while a chi-square test was used for n x n variables.
The level of statistical significance was set at a p-value of 0.05.

RESULTS

Body mass index (BMI), number of pregnancies, parity,
abortion, and curettage numbers were similar between
Group 1 and Group 2. Body mass index (BMI), number of
pregnancies, parity, abortion and curettage numbers were
similar between Group 1 and Group 2, and no statistical
difference was found between both groups. The values are
shown in Table 1. However, the gestational week at which
delivery took place was found to be significantly different
between both groups and the delivery occurred earlier
in Group 1. (Gestational Age at birthis 36.35 + 1.29 for Group 1
and 38.16 * 0.94 for Group 2.). The results are shown in
Table 1.

The average age of the patients was 27.86 + 4.94
in Group 1 and 28.12 £+ 3.86 in Group 2, and no statistically
significant difference was observed between the two groups

Table 1. Obstetric and demographic characteristics of the patients

(p > 0.05, Mann Whitney U test). Umbilical cord pH**, 1t
and 5% minute APGAR scores * Although it was lower in
Group 1 compared to Group 2, no statistically significant
difference was found (p > 0.05, **independent t test, *Mann
Whitney U test). While there was no significant difference
between Group 1 and Group 2 between the systolic arterial
blood pressure values on the day of delivery, diastolic arterial
blood pressure values were significantly higher in Group 1.
(77.00 £ 9.53 for Group 1 and 72.60 + 13.37 for Group 2,
p < 0.05, Mann Whitney U test). Fetal weight in Group 1
2498.20 + 465.92 g and 3179.44 + 387.999g in Group 2
and there is a statistically significant difference in Group 1
(p < 0.0001, independent t test) (Fig. 1 and 2).

Serum Elabela values were 15.05 +9.03 ng/mL for Group 1
and 8.96 + 4.33 ng/mL for Group 2, and the values were
statistically significantly higherin Group 1 (p <0.0001, Mann
Whitney U test).

Elabela levels, maternal age, fetal weight, the 1-min-
ute and 5-minute appearance, pulse, grimace, activity, and
respiration (APGAR) scores, cord pH value, and systolic
and diastolic blood pressure values of both the groups are
shown in Table 2.

Parameters Group 1 (n=50) Group 2 (n=50) p value
Mean * SD Mean * SD
Gestational age [weeks] 36.35 1.29 38.16 0.94 <0.05*%
Gravida [number] 2.46 1.69 2.32 1.46 NS*
Parity [number] 1.13 1.32 143 1.67 NS*
Abortus [number] 0.30 0.70 0.03 0.18 NS*
Curettage [number] 0.06 0.18 0.01 0.10 NS*
BMI [kg/m?] 24.1 1.10 23.7 1.04 NS**
* — Mann Whitney U test, ** — independent t test; BMI — body mass index; mean + SD — mean + standard deviation; NS — not nignificant
Diastolic blood pressure Birth weight
1007 35007 3179.44
3000+
80- 77 726 2498.2
2500+
60 “ i
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Figure 1. Diastolic blood pressure in Group 1 and Group 2

Figure 2. Birth weight in Group 1 and Group 2
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Table 2. Distribution of maternal and neonatal parameters by groups

Parameters Group 1 (n=50)

Mean + SD
Maternal age [years] 27.86 4.94
Elabela [ng/mL] 15.05 9.03
NB weight [g] 2498.20 465.92
APGAR 1 7.12 1.10
APGAR 5 8.84 1.09
Cord pH 7.30 0.07
Systolic BP [mmHg] 116.80 10.96
Diastolic BP [mmHg] 77.00 9.53

Group 2 (n=50) p value
Mean + SD
28.12 3.86 NS*
8.96 433 <0.0007%**
3179.44 387.99 < 0.0007**
7.36 0.78 NS*
9.16 0.68 NS*
7.32 0.04 NS*
113.80 7.80 NS**
72.60 13.37 <0.05%*

* — Mann Whitney U test; ** — independent t test; APGAR — appearance, pulse, grimace, activity, and respiration (APGAR) Score; BP— blood pressure;

mean + SD — mean + standard deviation; NB — Newborn; NS — not nignificant

Elabela levels*
16.007 15.05

14.00
12.00+
10.00- 8.96
8.00
6.00
4,00

ng/mL

2.00+
0.00

Group 1 Group 2

Figure 3. Serum Elabela levels in Group 1 and Group 2

Elabela levels were significantly higher in Group 1,
and the p value was < 0.0001. Elabela levels of both groups
are shown in Figure 3.

The cases were also examined in terms of doppler ultra-
sonography parameters, and all of the umbilical artery, Mid-
dle Cerebral Artery (MCA), bilateral uterine artery Pulsatility
Index (PI) values and cerebroplacental ratio (CPR) measure-
ments were found to be significantly different in Group 1
compared to Group 2 (p < 0.05, Mann Whitney U test). Dop-
pler ultrasonography parameters are shown in Table 3.

DISCUSSION

Fetuses with IUGR are at high risk in terms of poor peri-
natal outcomes and long-term risks compared to fetuses
with normal growth. The best results are obtained with the
combined use of fetal biometry, biophysical profile, NST,
and arterial and venous Doppler ultrasonography in fol-
low-ups to confirm fetal well-being. The use of these tests
alone has limited value in the management of IUGR. The
timing of delivery in a fetus with preterm IUGR is very critical
and still controversial. Gestational age is an independent
factor for neonatal outcomes, and delayed delivery may
increase the risk of stillbirths [9].

Studies have found that APJ or Elabela deficiency mani-
fests as vascular defects in animals [10-12]. In contrast,
apelin-deficient mice are viable and fertile; however, they
show delayed retinal and cardiac vascularizations at birth
[12,13]. Consistent with this finding, Cekmez et al. showed
that preterm neonates with retinopathy had lower cord
blood apelin levels than preterm neonates without retin-
opathy [14]. The APJ receptor is highly expressed in both
the endothelial precursor cells (angioblasts) and endothelial
cells of the developing vasculature in the animal embryos
[15,16].

The placenta of preeclamptic women is characterized
by weak trophoblastic invasion and endothelial vasospasm.

Table 3. Doppler ultrasonography parameters of the cases.

Doppler parameters Group 1(n=50)
Mean + SD
Right Ut. A. PI 132 044
Left Ut. A. PI 112 0.32
MCAPI 1.37 0.17
Umbilical A. PI 1.17 0.07
CPR 0.91 0.19

Group 2 (n=50) p value

Mean + SsD
091 0.37 <0.05*
0.75 0.17 <0.05*
1.56 0.28 <0.05*
0.80 0.1 <0.05*
1.90 0.28 <0.05*

* — Mann Whitney U test; CPR — cerebroplacental ratio; MCA Pl — middle cerebral artery pulsatile index; Mean + SD — mean + standard deviation; Umbilical A. PI

— umbilical artery pulsatile index; Ut. A. Pl — uterine artery pulsatile index
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These defects are considered to be the driving forces of
the development of preeclampsia [17]. Proper invasion
of the spiral arteries by trophoblasts during implantation
relies on a good balance between placental angiogenic
and antiangiogenic factors. To date, the development of
preeclampsia has been associated with the elevation of
two placental antiangiogenic factors, soluble Fms-like ty-
rosine kinase 1 (sFlt1 or sVEGFR-1) and endoglin. Indeed,
application of these factors to pregnant rats reproduces
preeclampsia-like symptoms [18]. Apelin controls the vas-
cular tone in the placenta. Therefore, several studies have
investigated placental APJ and apelin expression in patients
with preeclampsia. Among all available studies, some stud-
ies used control and preeclampsia patient groups that did
not match in terms of age, gestational age, or BMI [19, 20],
orincluded a very small number of patients [21]. These limi-
tations may lead to potential bias, as apelin levels can vary
based on these factors [21, 22].

As mentioned earlier, pregnant mice carrying Elabe-
la-deficient embryos show features of placental insufficiency
of vascular origin and preeclampsia (hypertension, pro-
teinuria, and glomerular endotheliosis). In addition, subcu-
taneous injection of Elabela to Elabela-null mice between
E11 and E19 has prevented the development of maternal
hypertension and proteinuria [23]. This reveals the prima-
ry role of Elabela in preeclampsia. Three studies recently
measured circulating Elabela levels in preeclamptic women
to evaluate whether Elabela is involved in the etiology of
preeclampsia in humans. These studies revealed no differ-
ence in circulating Elabela levels between preeclampsia
and control patients, except for a group of women with
late-onset preeclampsia [7, 24, 251.

To date, these studies do not support the hypothesis that
human preeclampsia is characterized by an early deficiency
in circulating Elabela levels. In two studies using the same
ELISA kit, very different Elabela levels were found in samples
collected over a similar time period. Further studies are
needed to establish guidelines for the adequate measure-
ment of Elabela as well as determining the relative variation
of specific Elabela isoforms.

Current literature highlights the critical role of Elab-
ela/apelin (APJ) axis in fetal and placental development.
While Elabela appears to have specific roles in early fetal
development, particularly for the cardiovascular system for-
mation, apelin function emerges afterwards to control fetal
angiogenesis and energy homeostasis. Similarly, Elabela is
essential for the early placental development (contributing
to trophoblastic invasion and angiogenic sprouting process)
[7,23].Onthe other hand, apelin regulates constitutive func-
tions, such as placental vessel tone and nutrient exchange.
Both hormones act through a common receptor expressed

on multiple cell types in the fetus and placenta throughout
the pregnancy [19].

PE and IUGR cause abnormal placentation, and results
in adverse pregnancy outcomes [26]. Both diseases have
heterogeneous etiology and risk factors are similar [27, 28].
More importantly, the histopathological features of PE and
IUGR are similar [29]. The two diseases sometimes coexist.
This may be due to the similarity of the pathophysiological
mechanism. Further studies are needed in this area.

In the literature, there is only one study examining
the maternal serum Elabela levels in cases with IUGR fetuses.
In the study by Behram et al., serum Elabela levels were
found to be significantly lower in IUGR cases compared to
the healthy control group [30]. In the study, measurement of
serum Elabela levels was performed at the 30th gestational
week in both groups due to matching the gestational age.
The IUGR group gave birth two weeks after the measure-
ment, and the pregnancy continued for another 8 weeks
in the control group. In addition, IUGR cases included
in the study were cases with EFW below the 3rd percentile.
Although these cases are more homogeneous, they are all
in high-risk in terms of adverse perinatal outcomes [31].
It is possible that some patients gave birth in the second
trimester due to impaired placental adaptation. In our studly,
cases with fetal AC measurement below the 10th percentile
in the third trimester were accepted as IUGR. In our study
group, different mechanisms may have been activated
in terms of pregnancy adaptation and increased Elabela
levels. In addition, serum Elabela levels were measured on
the day of delivery in our study. The difference in Elabela
levels between the two studies may also be related to this.

In addition, the results of various studies comparing
preeclampsia and Elabela levels at similar weeks of gestation
show conflicting results. In the study of Deniz et al, maternal
serum Elabela levels were found to be significantly lower
in preeclampsia and severe preeclampsia cases compared
to the control group, while Elabela levels were found to be
higher in preeclampsia cases in the study of Panaitescu et
al.[7,32]. No significant difference was found in the study of
Pritchard et al. [25]. These results may also be a result of the
complex nature of placental pathology. Similar conflicting
results are likely to occur in IUGR cases.

Studies in the current literature have shown that
the uterine artery Pl is increased, and the middle cerebral
artery Pl and CPR values are decreased in pregnancies with
growth retardations [33, 34]. The results of our study also
support these studies.

To our knowledge, there are only few studies in the
literature evaluating the diastolic arterial blood pressure
in pregnancies with intrauterine growth retardations
and comparing them with normal pregnancies. However,
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in our study, a significant difference was found between
both the groups.

CONCLUSIONS

In our study, Elabela levels were found to be 15.05

in pregnancies with IUGR. The differences in the control
group were found to be significant. In this respect, we con-
sider that placental Elabela levels increase in cases of IUGR,

and

this may be a protective mechanism. Comprehensive

studies are needed in this area.
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ABSTRACT

Objectives: Newborns of diabetic mothers are at increased risk of abnormal nutritional status at birth, thus developing
metabolic disorders. The aim of this study was to evaluate the anthropometric measurements and body composition of
newborns born to mothers with gestational diabetes in comparison to newborns born to mothers with normal glucose
tolerance in pregnancy, in the first week of their life. Maternal factors affecting the gestational period were also evaluated.

Material and methods: The study included 70 participants: neonates born to mothers with gestational diabetes (GDM)
and neonates born to healthy mothers (non-GDM). A set of statistical methods (e.g., ANOVA, Kruskal-Wallis test, Chi-square
test, regression, cluster analysis) was used to compare data between the study groups and to find their association with
maternal factors.

Results: Our approach resulted in statistically significant classification (p < 0.05) by maternal history of hypothyroidism,
weight gain during pregnancy and diagnosis of GDM. Newborns of mothers diagnosed with both GDM and hypothyroid-
ism had lower birth weight and fat mass than newborns of mothers without GDM nor hypothyroidism (p < 0.05), how-
ever this finding might be associated with high incidence of excessive gestational weight gain among healthy mothers.
No differences in body composition were found between the study groups on account of maternal GDM only (p > 0.05).

Conclusions: Thus, well-controlled gestational diabetes mellitus as an individual factor does not significantly affect
neonatal anthropometric measurements and body composition.

Key words: gestational diabetes; hypothyroidism; body composition; newborn; bioelectrical impedance
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INTRODUCTION

Based on the theory of nutritional programming, a child’s
nutritional status in the first 1,000 days after conception
has a significant impact on the neurological development,
mental health throughout the life, and the risk of develop-
ing obesity, hypertension and diabetes [1, 2]. During this
period, especially in prenatal life, nutritional programming
largely depends on the quality of the mother’s diet and her
comorbidities, which affect the supply of nutrients for the
fetus [1]. Moreover, events in prenatal life (e.g., maternal
comorbidities or nutritional status, maternal stress) alto-
gether with genetic and environmental factors influence
the determination of a certain pattern of physiological pro-
cesses (Barker hypothesis) resulting in long-term adaptive
changes in the developing fetus. These adaptive changes
areinitially favorable, because they adapt the fetus to cover
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the current needs, however they can have a detrimental
effect in the long-term and enhance the risk of develop-
ment of non-communicable diseases in the adulthood [2].

It has conclusively been shown that disturbances in the
physical development of the fetus and an increased risk of
postnatal metabolic complications constitute a typical clini-
cal picture of an infant of a diabetic mother. Currently, it is
estimated that gestational diabetes affects approximately
5.4% of women in Europe and 3.4% of women in Poland [3].

The newborns of diabetic mothers are observed with
increased incidence of macrosomia, polyhydramnios,
stillbirths, perinatal injuries and surgical deliveries. In the
long term, maternal diabetes during pregnancy increases
the risk of obesity, impaired glucose tolerance and diabetes
in offspring, and in the case of uncontrolled diabetes, also
neurological development disorders. Nevertheless, most of
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the above-mentioned complications result from overnutri-
tion and fetal macrosomia, the primary source of which are
maternal disorders of glucose and fat metabolism during
pregnancy. Therefore, gestational diabetes requires special
attention mainly for early diagnosis, appropriate treatment
and metabolic control. Consequently, newborns born by
mothers with gestational diabetes require special care
and increased observation [4-6].

Body composition disturbances in early life, including
the prenatal period, might play a key role in the program-
ming of a variety of health disorders in the future, including
hypertension, type 2 diabetes and obesity [6, 7]. Itis known
that changes in fat mass (FBM) are associated with changes
in total body water volume (TBW), mainly extracellular wa-
ter volume (ECW) and extracellular water to intracellular
water ratio (E/I ratio). So far, it has been shown that obe-
sity is associated with a disturbed ratio of individual water
compartments in the body, which is not normalized by
weight reduction, probably due to primary alteration in
haemodynamics and fluid regulation [8, 9].

Objectives

The aim of this study was to evaluate the anthropo-
metric measurements and body composition of neonates
born to mothers with gestational diabetes in comparison
to neonates born to mothers with normal glucose toler-
ance in pregnancy, in the first week of their life. In the pres-
ent paper we also aimed to find maternal factors affecting
the gestational period that might have influence on new-
borns’ body composition.

MATERIAL AND METHODS

All 70 participants came from Poland (Wroclaw Universi-
ty Hospital) and were enrolled in prospective, observational
case-control study after birth. Inclusion criteria for the case
and control groups were: mother’s age 18 - 45 years; delivery
at term (= 37 + 0/7 weeks of gestation) or near term (from
35 + 0/7 to 36 + 6/7 weeks of gestation), both by vaginal
delivery and by caesarean section; single pregnancy; good
condition of the child after birth (vigorous, cardiovascularly
and respiratorily stable neonate, who did not require as-
sistance in transition to extrauterine life), rated > 7 points
on the Apgar score after the 15t minute of life; exclusive or
predominant breastfeeding. Exclusion criteria were any clini-
cal condition of the mother and/or the newborn that may
negatively affect the nutritional status of the newborn (IUGR,
lack of medical care during pregnancy, maternal addictions
to alcohol or other psychoactive substances, nicotinism
in pregnancy); uncontrolled asthma in the mother; meta-
bolic diseases in the mother or newborn).

The results of assessment of body composition
and anthropometric measurements of the newborn, clinical

data on the course of pregnancy and maternal pregesta-
tional medical history, childbirth, puerperium (interview
from mother) in the period of postnatal hospitalization of
the newborn in the Department of Neonatology, before dis-
charge from the hospital (up to 7 days of age) were collected.

Maternal body weight changes during the pregnancy
were analysed based on medical documentation. As gesta-
tional weight gain guidelines, that are based on prepregnan-
cy body mass index (BMI), ranges for underweight, normal
weight, overweight, and obese women, the categories of
maternal gestational weight gain (below, within or above
recommendations) were set in reference to American Col-
lege of Obstetricians and Gynecologists Committee Opin-
ion, that was approved by Polish Society of Gynaecologists
and Obstetricians [3, 10].

Criteria for diagnosis of gestational diabetes (accord-
ing to World Health Organization and American Diabetes
Association, adopted by Polish Society of Gynaecologists
and Obstetricians) based on Oral Glucose Tolerance Test
(OGTT) with the use of 75 g of glucose state as follows
and only one of them is enough to meet: 1) fasting blood
glucose 92-125mg/dL, 2) glycemiain 1ThOGTT = 180 mg/dL,
3) blood glucose levelin2h OGTT 153-199 mg/dL[3, 11, 12].

Management of maternal thyroid disorders and hyper-
tension during pregnancy was consistent with international
guidelines and recommendations, adopted in Poland [13-15]

Study groups

The 70 participants were being enrolled from Decem-
ber 2019 to February 2021. Study group was divided into
50 neonates born to mothers with Gestational Diabetes,
treated with diet (GDM G1) or treated with insulin (GDM G2).
The control group included 20 randomly assigned neonates
of healthy non-diabetic mothers (non-GDM), born at similar
gestational age, who met the eligibility criteria.

Based on the medical documentation and interview,
none of the 70 mothers were diagnosed with chronic
pregestational diabetes nor insulin resistance before
the pregnancy. All the GDM mothers received regular med-
ical control. A total of 20 mothers were diagnosed with
chronic hypothyroidism and 13 mothers were diagnosed
with gestational hypothyroidism — all of them were suc-
cessfully treated with levothyroxine, which resulted in TSH
level < 2.5 mIU/L. Considering hypertension, it was chronic
in 6 mothers and pregnancy — induced in 8 mothers — all
women were treated with methyldopa. Nicotinism before
pregnancy was found in 22 mothers — all of them claimed
to quit smoking before the conception.

Ethical issues
The study was approved by the Bioethics Committee
at the Medical University in Wroclaw (No. KB 773/2019,
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Figure 1. Placement of the electrodes during body bioimpedance analysis

35/2020, 407/2020). The written and informed consents
were obtained from the mothers. The presented research
results were carried out within the project registered in Clini-
cal Trials (https://clinicaltrials.gov/), NCT04937348.

Anthropometric measurements

Anthropometric measurements were taken twice — af-
ter birth and just before the body composition analysis.
On the day of body composition assessment, each newborn
infant was weighed naked to the nearest 10 g on an electronic
baby scale (RADWAG type WPT 6/ 15D). Crown-heel length
(measured in recumbent position) and occipito-frontal
circumference were measured to the nearest 0.5 cm by
astandard disposable non-stretchy tape. The measurements
taken before body composition analysis were made by
the same investigator (K.K).

Body composition assessment

Neonatal body composition was evaluated using a non-
invasive method of bioimpedance analysis (BIA), which de-
termines particular body compartments based on electrical
properties of human tissues [16]. As body tissues differ
in electrical conductivity due to their various hydration,
a low-level electrical current sent through the body dur-
ing measurement is impeded and passes through tissues
with various speeds. The device measures the signal, thus
determines the resistance of the electrical current, esti-
mates body water and based on equations calculates fat
mass and lean mass. This method was chosen as it is easily
available, portable, noninvasive and quick in use. Based on
available literature, BIA appears to be an effective and reli-
able technique of body composition estimations as a single
use method in infants and young children [17, 18].

The measurements were made with Body Composition
Monitor (BCM, Fresenius Medical Care, Germany) and dedi-

cated disposable electrodes BCM-FMC (< 25 kg). The mea-
surements were made at 50 frequencies over a range from
5to 1000 kHz, with amplitude of the electric current 0.8 mA.
The measurements were performed in accordance with the
manufacturer’s instructions, by the same investigator (K.K.).
During the examination the patients were undressed, lying
in a supine position. Electrodes were attached at least two
minutes before measurement to the dorsal sides of one
hand and one foot, with two electrodes on each extremity,
providing the most possible distal location and ensuring at
least 2 cm distance between the electrodes. In each patient,
the electrodes were placed on the right side of the body,
in similar locations — as the precision and reproducibility of
electrodes placement was found important [19]. The place-
mentofelectrodesappliedinthestudyis presentedin Figure 1.
The body composition assessment was made during the
newborn’s sleep, at least 1.5 hour after the last feeding.

Statistical analysis

For computations Microsoft Excel for Office 365 (Mi-
crosoft, Redmond, WA, USA), Statistica 13.3 (StatSoft, Inc,,
Tulsa, OK, USA) and R version 3.6.2 (R Core Team, 2013.
R Foundation for Statistical Computing, Vienna, Austria. URL
http://www.R-project.org/.) [20-22] were used.

The data are presented as: mean and standard deviation
(SD), or median and interquartile range (IQR), or number of
cases and percentage, where applicable.

The level of significance in statistical analysis was set at
a=0.05. Comparisons of demographic and clinical data be-
tweenstudy groupsweremadewith one-way ANOVA, Kruskal—
-Wallis test and Chi-square test, depending on the type of
data and their distribution. Univariate regression (general-
ized linear model) was used to assess the impact of selected
maternal factors on the studied neonatal anthropometric
parameters and body composition. As the next step, a clus-
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ter analysis was performed using the Marczewski-Steinhaus
taxonomic approach (M-S) [23] and the dendrogram was
built. The type effect was studied using one-way ANOVA.
The verification of the taxonomic method was made using
expectation-maximization (E-M) algorithm [24].

RESULTS

The overall characteristics of the newborns is pre-

in non-GDM group. In the whole study population median of
gestational age at birth was 39.0 (IQR 2.0) weeks (range 37
41 weeks), with no significant differences between the study
groups [H (2, n = 70) = 3.246, p > 0.05]. Approximately 71%
(50/70) of the newborns were born by the cesarean sec-
tion (main indications for cesarean section were previous
cesarean section and lack of progress in labour) and 55.7%
were girls — there were no significant differences in terms

sented in Table 1. There were 21 newborns in GDM
G1 group, 29 newborns in GDM G2 group and 20 newborns

of sex[x2 (2,n=70) =0.620, p > 0.05] and mode of delivery
[x2 (2,n=70)=0.533, p > 0.05] between the study groups.

Table 1. Characteristics of the study population (n = 70)

All newborns GDM G1 GDM G2 non-GDM
(n=70) (n=21) (n=29) (n=20) pvalue

Gestational age [weeks], Median (IQR) 39.0(2.0) 39.0(2.0) 38.0(1.0) 39.0(2.0) 0.1972
Sex, n (%)
Boys 28 (40.0) 7(333) 12 (41.4) 9 (45.0) —
Girls 52 (60.0) 14 (66.7) 17 (58.6) 11 (55.0)
Mode of delivery, n (%)
Vaginal birth 20 (28.6) 7(33.3) 7 (24.1) 6(30.0) A
Cesarean section 50 (71.4) 14 (66.7) 22(75.9) 14(70.0)
Birth weight [kg], Mean (SD) 345 (0.48) 3.41(0.57) 3.34(0.44) 3.65(0.4) 0.079°
Length [cm], Mean (SD) 53.2(2.8) 53.0(3.5) 53.1(2.5) 53.6 (2.3) 0.767°
Head circumference [cm], Mean (SD) 34.7 (1.5) 34.5(1.6) 34.8(1.6) 34.7 (1.6) 0.887°
Maternal age [years], Mean (SD) 32.7 (4.5) 33.9(4.9) 32.1(4.6) 32.5(3.9) 0.363P
Gravidity, Median (IQR) 2.0(1.0) 2.0(2.0) 2.0(1.0) 2.0(1.0) 0.5202
Parity, Median (IQR) 2.0(1.0) 1.0(1.0) 1.0 (1.0) 2.0(1.0) 0.395°
mx;’:&g’g’ before pregnancy, 24.17 (6.40) 23.34(3.48) 28,04 (6.80) 22,96 (2.83) 0.0142
Maternal BMI before pregnancy, n (%)
Normal 40 (57.1) 14 (66.7) 9(31.0) 17 (85.0)
Overweight 16 (22.9) 4(19.0) 11(38.0) 1(5.0) 0.004¢
Obese 14 (20.0) 3(14.3) 9(31.0) 2(10.0)
m;e&‘:;:’gg;“ gain during pregnancy 115(5.7) 102(3.5) 9.2(5.4) 162(5.4) <0.001
Maternal weight gain during pregnancy in reference to pre-gestational BMI, n (%)
Below recommendations 18(25.8) 7(33.3) 9(31.0) 2(10.0)
Within recommendations 26 (37.1) 10 (47.7) 11(38.0) 5(25.0) 0.033¢
Above recommendations 26 (37.1) 4(19.0) 9(31.0) 13 (65.0)
Maternal history of hypertension, n (%)
Chronic (onset before the pregnancy) 6(8.6) 1(4.8) 5(17.2) 0
Pregnancy induced 8(11.4) 2(9.5) 5(17.2) 1(5.0) 0.478¢
None 56 (80.0) 18 (85.7) 19 (65.6) 19(95.0)
Maternal history of hypothyroidism, n (%)
Chronic (onset before the pregnancy) 20 (28.6) 6(28.6) 12 (41.4) 2(10.0)
Gestational (onset during the pregnancy) 13(18.6) 5(23.8) 4(13.8) 4(20.0) 0.175¢
None 37(52.9) 10 (47.6) 13 (44.8) 14 (70.0)
Nicotinism before pregnancy, n (%) 22(31.4) 6(28.6) 11(37.9) 5(25.0) 0.597¢

a — Kruskal-Wallis test; b — one-way ANOVA; SD — standard deviation; IQR — interquartile range; BMI — body mass index
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Table 2. Results of the anthropometric measurements and body composition analysis in newborns (n = 70)

GDM G1 (n=21)

Chronological age [days], Median (IQR) 3.0(1.0)
Current weight [kg], Mean (SD) 3.21(0.53)
Length [cm], Mean (SD) 53.0(3.5)
Head circumference [cm], Mean (SD) 34.5(1.6)
BMI [kg/m?], Mean (SD) 11.36 (1.21)
PI [kg/m3], Mean (SD) 2.16 (0.27)
TBW [I], Mean (SD) 2.6 (0.5)
TBW%, Mean (SD) 81.2(4.7)
ECW [I], Median (IQR) 0.8(0.3)
ICW [l], Mean (SD) 1.7 (0.3)
E/I, Median (IQR) 0.4(0.1)
FBM [kg], Mean (SD) 0.27 (0.1)
FBM%, Mean (SD) 8.32(2.24)
FFM [kgl, Mean (SD) 293 (0.46)
FFM%, Mean (SD) 91.62 (2.29)

GDM G2 (n=29) non-GDM (n = 20) p value
40(1.0) 3.0(0.5) 0.253°
3.12(0.41) 3.42(0.35) 0.062°
53.1 (2.5) 53.6 (2.3) 0.767°
34.8(1.6) 34.7 (1.6) 0.887°
11.09 (1.18) 11.93 (1.21) 0.164°
2.09 (0.25) 2.24(0.28) 0.058°
2.6 (0.4) 2.7 (0.4) 0.360°
82.67 (6.77) 80.31 (6.63) 0.244>
0.9 (0.1) 0.9(0.2) 0.234?
1.7(03) 1.8(0.3) 0.355°
0.5(0.1) 0.5(0.1) 0.584°
0.24(0.1) 0.31(0.1) 0.071°
7.5 (2.55) 9.19(2.21) 0.208°
2.89(0.36) 3.11(03) 0.142°
92.51 (2.54) 90.96 (2.56) 0.122°

a — Kruskal-Wallis test; b — one-way ANOVA; SD — standard deviation; IQR — interquartile range; BMI — body mass index; Pl — ponderal index; TBW — total body water;
ECW — extracellular water; ICW — intracellular water; E/I — extracellular/intracellular water ratio; FBM — fat mass; FFM — fat-free mass

In the whole study population mean birth weight was 3.23
(£0.45) kg (range 2.02-4.3 kg), mean length 53.2 (£ 2.7) cm
(range 47-61 cm), mean head circumference 34.7 (£ 1.5) cm
(range 31-38 cm). Also, these anthropometric measurements
taken after birth were comparable between newborns of di-
abeticand non-diabetic mothers [respectively birth weight
F (2,67) = 2.633 p > 0.05; length F (2, 67) = 0.266 p > 0.05;
head circumference F (2, 67) = 0.12 p > 0.05]. There were
no significant differences in prevalence of maternal hypo-
thyroidism [x2 (2, n = 70) = 6.343, p > 0.05], hypertension
[x2 (2, n = 70) = 3.498, p > 0.05] and nicotinism before
pregnancy [x2 (2, n =70) = 1.032, p > 0.05] between study
groups. However, the mothers differed in BMI before preg-
nancy [H (2, n = 70) = 8.537, p < 0.05], with the highest
values in GDM G2 group; and weight gain during preg-
nancy [F (2,67) =12.923, p < 0.001], with the highest values
in non-GDM group.

Body composition and anthropometrics

The measurements were made between 2" and 7t
day of the neonate’s life, with mode equal to 3 days of
life. The newborns in each of the study groups had similar
current body weight [F (2, 67) = 2.894, p > 0.05], length
[F (2, 67) = 0.266, p > 0.05], and head circumference [F (2,
67) = 0.12, p > 0.05], as well as BMI [F (2, 67) = 1.859,
p > 0.05] and PI [F (2, 67) = 2.792, p > 0.05]. No significant
differences were found in body water compartments: TBW
[F(2,67)=1.038, p>0.05], TBW% [F (2,67) =1.440, p > 0.05],
ECW [H (2, 70) = 2.903, p > 0.05], ICW [F (2, 67) = 1.053,
p > 0.05], E/I [H (2, n=70) = 1.077, p > 0.05]; body fat: FBM

[F(2,67)=2.758,p > 0.05], FBM%[F (2,67)=1.610, p > 0.05];
and fat-free mass: LBM [F (2, 67) = 2.071, p > 0.05], LBM%
[F (2, 67) = 2.174, p > 0.05]. The detailed results are sum-
marized in Table 2.

Maternal factors

To assess the impact of maternal factors on neonatal
birth weight, TBW and FBM, an univariate regression (gen-
eralized linear model) was performed. The analysis consid-
ered the study group (equal to the level of disturbances in
glucose metabolism), maternal age, parity, gravidity, BMI
before the pregnancy, weight gain during the pregnancy,
and medical history of hypothyroidism, hypertension, nico-
tinism. Among all factors: belonging to a particular study
group and maternal history of hypothyroidism were found
significant. Based on AIC values, the following factors: be-
longing to a particular study group and maternal history
of hypothyroidism, maternal weight gain during the preg-
nancy were chosen as best-fitting predictors of neonatal
anthropometrics and body composition. The results are
presented in Supplemental Table 1.

Cluster analysis

Based on the identified three factors: belonging to a par-
ticular study group, maternal history of hypothyroidism
and weight gain during pregnancy, a classification tree of
patients was created (Suppl. Fig. 1). The dendrogram pres-
ents four types of patients — the characteristics of identi-
fied types of patients are presented in Table 3. ‘Cluster 1’
included newborns of mothers diagnosed with gestational
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Table 3. Characteristics of newborns in clusters, following one-way ANOVA

Study group
Cluster n GDM G1 GDM G2 Non-GDM
(n) (n) (n)
1 23 10 13 0
2 27 1 16 0
3 14 0 0 14
4 6 0 0 6
F statistic - n/a
p value - n/a

GDM — gestational diabetes; n/a — non applicable

History of hypothyroidism Weight gain during
Chronic Gestational None pregnancy [kg]
(n) (n) (n) (Mean + SD)
0 0 23 111457
18 9 0 112457
0 0 14 165459
2 4 0 156417
n/a 8.31
n/a <0.001

Table 4. Multiple comparisons between clusters (post-hoc Turkey-Kramer and Dunn'’s test p values) for selected parameters of neonatal

anthropometrics and body composition

Difference

between Birthweight TBW% ECW [I]
clusters lkg]

1-2 0.987 0.833 0.761 10
1-3 0.099 0.298 0.905 0.605
1-4 10 0.678 0.104 0.524
2-3 0.043* 0.062 0.999 10
2-4 0.998 0.929 0312 10
3-4 0.348 0.113 0327 10

ICW 1] E/l FBM [kg] FBM%
0.821 1.0 0.978 1.0
0.267 1.0 0.061 0.135
0.599 1.0 0.859 0.815
0.050 1.0 0.021* 0.109
0.888 1.0 0.946 0.823
0.078 1.0 0.067 0.097

* — statistically significant (a = 0.05); TBW — total body water, ECW — extracellular water, ICW — intracellular water, E/l — extracellular/intracellular water ratio,

FBM — fat mass

diabetes, without any thyroid disfunctions.’Cluster 2'includ-
ed newborns of mothers diagnosed both with gestational
diabetes and hypothyroidism.’Cluster 3’'included newborns
of healthy mothers, without any diabetic nor thyroid disor-
ders.’Cluster 4'included newborns of non-diabetic mothers
with concomitant hypothyroidism. The highest maternal
weight gain was observed in ‘Cluster 2’ The post-hoc Tur-
key-Kramer test revealed differences in maternal weight
gain in pregnancy between clusters, as follows: ‘Cluster 1’
—'Cluster 2'p=10.999;'Cluster 1'— 'Cluster 3'p < 0.001;Clus-
ter 1'— "Cluster 4'p =0.057;'Cluster 2'— 'Cluster 3'p < 0.001;
‘Cluster 2" — "Cluster 4’ p = 0.047; 'Cluster 3’ — 'Cluster 4’
p = 0.983. Chi-square analysis revealed a non-significant
difference between clusters in maternal weight gain dur-
ing pregnancy in reference to pre-gestational BMI [x2 (6,
n =70) =11.12, p = 0.08]. In ‘Cluster 3, weight gain above
recommendations was found in 10/14 mothers (71.4%),
whilein‘Cluster 1'—in 5/23 mothers (21.7%), in‘Cluster 2'—
in 8/27 mothers (29.6%) and in ‘Cluster 4 — in 3/6 mothers
(50.0%). Weight gain within recommendations was achieved
by 11/23 (47.8%) mothersin‘Cluster 1;,10/27 (37.0%) in‘Clus-
ter 2,3/14(21.4%) in‘Cluster 3; and 2/6 (33.3%) in‘Cluster 4!
The remaining mothers in each of the clusters had weight
gain below recommendations.

124

From the statistical comparison of clusters, which is
presented in Table 4, we can see those newborns in‘Clus-
ter 2'and ‘Cluster 3’ differed significantly in terms of: birth
weight and FBM. Although, there were no other significant
differences between the clusters of newborns, several dif-
ferences in general results of anthropometric and body
composition measurements can be observed. Mean (SD)
newborns’ birth weight in each of the clusters was: ‘Clus-
ter 1" 3.39 (£ 0.49) kg, ‘Cluster 2’ 3.35 (+ 0.51) kg, ‘Cluster
3'3.77 (£ 0.41) kg, ‘Cluster 4'3.39 (£ 0.22) kg. Considering
total body water and body water compartments, mean (SD)
values were found as follows: ‘Cluster 1": TBW 2.6 (+ 0.4)
|, TBW% 83.4 (+ 6.7)%, ECW 0.9 (£ 0.2) |, ICW 1.8 (+ 0.2)
I, E/1 0.5 (£0.1); ‘Cluster 2: TBW 2.6 (+ 0.4) |, TBW% 81.6
(£5.9)%, ECW 0.9 (£ 0.2) |, ICW 1.7 (£ 0.3) |, E/1 0.5 (£0.1);
‘Cluster 3": TBW 2.9 (+ 0.4) |, TBW% 81.9 (+ 6.9)%, ECW 1.0
(£0.2), ICW 1.9 (+ 0.3), E/1 0.5 (£ 0.1); ‘Cluster 4": TBW 2.5
(£0.2), TBW% 76.6 (+ 4.4)%,ECW 0.8 (£ 0.1) I, ICW 1.6 (+ 0.2)
I, E/1 0.5 (£ 0.1). Concerning FBM and FBM%, means (SD)
were: ‘Cluster 1" FBM 0.26 (£ 0.1) kg, FBM% 7.9 (+ 2.3)%;
‘Cluster 2'FBM 0.25 (£ 0.1) kg, FBM% 7.9 (+ 2.3)%; ‘Cluster
3'FBM 0.34 (+ 0.1) kg, FBM% 9.6 (+ 2.0)%; ‘Cluster 4’ FBM
0.22 (£ 0.1) kg, FBM% 7.0 (£ 2.1)%. The visual comparison
of results obtained in clusters is illustrated in Figure 2.
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Figure 2. Plot of mean selected parameters of neonatal anthropometrics and body composition in types (clusters): A. Birth weight; B. Total body
water [kg]; C. Total body water percentage; D. Extracellular water [I]; E. Intracellular water [I]; F. Extra/intracellular water ratio; G. Fat mass [kg];
H. Fat mass percentage. The horizontal axis presents numbers of clusters matching each of the box plots: ‘Cluster 1'— GDM without hypothyroidism,
‘Cluster 2’ — GDM with hypothyroidism, ‘Cluster 3’ — non-GDM without hypothyroidism, ‘Cluster 4 — non-GDM with hypothyroidism; notice the
maternal gestational weight gain differed in clusters — details in text and in Table 3. Newborns in ‘Cluster 2" and ‘Cluster 3’ differed significantly in

terms of: birth weight and FBM

DISCUSSION

It is already well-known that severity of metabolic disor-
ders during pregnancy and the increase in mother’s weight
determine the nutritional status of the newborn. Based on
the literature, maternal weight gain is a significant factor that
might modify influence of other maternal conditions (e.g.,
thyroid disorders, glucose metabolic disorder, pregestation-
al obesity or undernutrition) on fetal growth and neonatal
nutritional status at birth (including body anthropometrics
and fat tissue mass). Maayan-Metzger et al. [25] showed
that newborns of mothers whose weight gain exceeded

the recommended norms had higher birth weight and were
more likely to be born by caesarean section. Moreover,
these mothers were diagnosed with gestational diabetes
requiring insulin therapy. Similar research results were ob-
tained by Wang et al. [26] — among the studied women
with diagnosed gestational diabetes, excessive gestational
weight gain was a significant risk factor for fetal macrosomia
[OR 2.884, 95% Cl 1.385-6.004]. A significant effect on the
development of the fetus was also demonstrated regarding
high fasting blood glucose [OR 1.933, 95% Cl 1.126-3.316]
and elevated serum triglycerides in the third trimester of
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pregnancy [OR 1.235,95% Cl 1.053-1.449]. In the study con-
ducted by Abreu et al. [27], newborns of diabetic mothers
had higher body fat content than newborns from healthy
mothers. However, the main predictors of fat mass were
maternal BMI before pregnancy [OR 6.75;95% Cl 2.36-11.1]
and pregnancy weight gain [OR 5.64; 95% Cl 1.16-10.1].

Considering hypothyroidism, Zhang et al. [28] found
that persistently low levels of maternal fT3 and fT4 during
the pregnancy increase a risk of large for gestational age
(LGA) birth weight in a newborn, but the role of TSH level
is unclear. It was also observed that adequate treatment
with levothyroxine reduced a risk of fetal and neonatal
macrosomia. Similar results were obtained by Turunen et al.
[29] — the higher prevalence of LGA newborn was found in
hypothyroid mothers than in euthyroid mothers (OR 1.14,
95% Cl 1.06-1.22). Moreover, in the studied population,
maternal hypothyroidism was associated with higher risk of
developing gestational diabetes and LGA in newborns, but
this risk was not altered by regular levothyroxine treatment.

The results of our study seem to be consistent with the
abovementioned results. In general, the biggest mean val-
ues of birth weight, TBW, ICW, FBM, FBM% were found
in ‘Cluster 3’ including newborns of non-GDM mothers
without hypothyroidism, but with the highest weight gain
in pregnancy and the highest rate of weight gain above
recommendations in reference to pre-gestational BMI
among the whole group. Whereas the lowest mean values
of birth weight, TBW, TBW%, ICW, FBM, FBM% were found
in ‘Cluster 4’ including newborns born of non-GDM moth-
ers diagnosed with hypothyroidism, whose mean weight
gain in pregnancy was lower than in ‘Cluster 3’ but higher
than in‘Cluster 1'and‘Cluster 2" Values of ECW and E/I were
comparable between all clusters.

The mothers participating in the study had well-
-controlled diabetes and regularly treated hypothyroidism.
Hence, the influence of glucose disorders and hypothy-
roidism may not be as pronounced. However, the effect
of maternal weight gain during pregnancy is clearly vis-
ible — newborns of mothers with excessive weight gain
in pregnancy (‘Cluster 3’) were found with higher birth
weight and FBM than the other newborns. On the other
hand, when mean maternal weight gain was higher than in
other groups, but within ranges recommended for pre-
-gestational BMI, its effect on neonatal body composition
was not prominent (‘Cluster 4’ vs ‘Cluster 1’ or ‘Cluster 2’).
Furthermore, mothers diagnosed with GDM had the highest
mean pre-gestational BMI, but their gestational weight gain
was within normal ranges, and their newborns were gener-
ally smaller than newborns of non-GDM mothers. Thus, the
results of the study indicate that maternal weight gain in
pregnancy has higher impact on neonatal body composi-
tion than maternal pre-gestational BMI.

Considering the diagnosis of hypothyroidism,
the mean results were comparable between newborns of
GDM mothers with vs without hypothyroidism (‘Cluster 2'vs
‘Cluster 1), whereas among newborns of non-GDM moth-
ers, those born out of mothers without hypothyroidism (but
highest weight gain, often exceeding recommendations)
had higher values of birth weight, TBW, TBW%, ICW, FBM
and FBM% (‘Cluster 3'vs‘Cluster 4'). Considering the diagnosis
of GDM, among newborns of mothers without hypothyroid-
ism, thoseinnon-GDM group had highervalues of birthweight,
TBW, ICW, FBM, FBM% (‘Cluster 3’vs ‘Cluster 1') and compa-
rable TBW%, ECW, E/I, but also in this group maternal weight
gain was significantly higher (16.5 + 5.9 kg vs 11.2 £ 5.7 kg).
In the groups of newborns of mothers diagnosed with hy-
pothyroidism, apart from TBW% and FBM% that were mod-
erately lower in non-GDM newborns, all mean results were
found comparable (‘Cluster 4’ vs ‘Cluster 2).

In authors’ opinion, the abovementioned results
and similarities between groups of patients, thus limited
influence of gestational diabetes and hypothyroidism on
neonatal anthropometrics in the first days of life might result
from appropriate maternal treatment and good compliance
with medical recommendations. However, cluster abun-
dance is the study limitation and continuation on a larger
population is necessary to clarify these results.

It needs to be emphasized that the application of taxo-
nomic analysis has enabled us to identify significant groups
of patients, based on the results of a combination of several
risk factors. This approach might be helpful in explicating
the pathophysiology of fetal growth and neonatal outcomes
in context of maternal comorbidities.

CONCLUSIONS

Neonatal anthropometrics and body composition
in the first week of life are affected by a combination of
maternal factors, with prominent effects of modifiable
factors such as: glycemic control in gestational diabetes,
sufficient supplementation of levothyroxine in hypothy-
roidism and gestational weight gain. Well-controlled GDM
as an individual factor did not significantly affect neonatal
nutritional status. Maternal weight gain during pregnancy,
with reference to recommendations based on pregesta-
tional BMI, seems to be the most important determinant
of neonatal birth weight, adiposity and body water dis-
tribution. Further research is needed, as newborn body
composition is likely to be an important determinant of
long-term health status.
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Supplemental figure 1. Dendrogram of the newborns. The y-axis (height) shows the value of distance metric (dissimilarity) between clusters. Horizontal
bars indicate the points where clusters are merged. P identifies each of the 70 patients

Supplemental table 1. Results of univariate regression analysis

Variable

Birth weight

TBW

FBM

Study group

Maternal age

Parity

Gravidity

Maternal BMI before the pregnancy
Maternal weight gain during the pregnancy
Medical history of hypothyroidism

Medical history of hypertension

Medical history of nicotinism

Study group

Maternal age

Parity

Gravidity

Maternal BMI before the pregnancy
Maternal weight gain during the pregnancy
Medical history of hypothyroidism

Medical history of hypertension

Medical history of nicotinism

Study group

Maternal age

Parity

Gravidity

Maternal BMI before the pregnancy
Maternal weight gain during the pregnancy
Medical history of hypothyroidism

Medical history of hypertension

Medical history of nicotinism

Coefficient
-0.149
-0.004

0.062
0.069
0.017
0.019
-0.114
0.083
-0.127
-0.073
-0.011
0.082
0.075
0.009
0.015
-0.123
0.007
0.145
0.033
<0.001
0.004
0.004
0.002
0.002
-0.024
-0.026
-0.001

p value

0.032*
0.723
0.355

0.213
0.112
0.059
0.088
0.512
0.279
0.211

0.315
0.135
0.101

0.286
0.085
0.013*
0.943
0.159
0.021*
0.850
0.772
0.755
0.374
0.352
0.075
0.286
0.967

AIC
97.38**
102.03
101.27
100.55
99.53
98.48**
99.13**
100.94
101.71
7342
73.99
7273
72.26
73.86
71.98**
69.42%*
75.04
72.99
-126.33%*
-120.83
-120.88
-120.89
-121.61
-121.69
-124.08**
-121.97
-120.79

*—significantat p < 0.05; ** — best-fitting variables according to AIC values; TBW — total body water; FBM — fat mass; BMI — body mass index; AIC — Akaike information criterion
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ABSTRACT

Objectives: Diabetes mellitus is the most common metabolic complication in pregnancy and increasing worldwide.
In Europe, it occurs in 3-5% of pregnant women. The rate of twin pregnancy has been increased similarly to gestational
diabetes mellitus (GDM). Twin pregnancy is associated with a higher complication rate compared to singleton pregnancy.
The growing prevalence of GDM and twin pregnancy has given rise to their increasing concurrent presentation.

Material and methods: The retrospective analysis included 212 twin-pregnant patients. The analysis excluded cases of
miscarriage and early fetal death in the first trimester of pregnancy. The influence of GDM on the condition of newborns
and mothers after delivery was analyzed. For statistical analysis R 3.6.2 software was used.

Results: No statistically significant relationship between GDM and Non-GDM group and periparturient complications was
found. Birth weight was significantly higher in the GDM G2 group. Apgar Score was the lowest in the GDM G1 group. In the
group of larger newborns of the GDMG1 group respiratory distress syndrome (RDS), a higher incidence of second-degree
intracranial bleeding and grade Il of preterm retinopathy were observed. There was no statistically significant relationship
between GDM G1, GDM G2 and other neonatal complications.

Conclusions: In summary, our results indicate that GDM in twin pregnancy does not increase the risk of cesarean section
but increases some neonatal complications. In conclusion women with twin pregnancies complicated by GDM require
specialist care during pregnancy and childbirth should take place in a third-level reference center.

Key words: twins; GDM; newborn; neonatal; complications
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INTRODUCTION

Diabetes mellitus is the most common metabolic com-
plication in pregnancy and increasing worldwide. In Eu-
rope, it occurs in 3-5% of pregnant women. That increase
is mainly due to older maternal age, rising rate of obesity
and more stringent diagnostic criteria [1, 2]. There are two
types of diabetes in pregnancy: gestational diabetes mellitus
(GDM) when hyperglycemiais first diagnosed in pregnancy
and pregestational diabetes mellitus (PGDM) when woman
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with any type of diabetes is pregnant. [3, 4] In Poland ges-
tational diabetes mellitus is diagnosed according to rec-
ommendations of the Polish Diabetes Society of 2020. The
gestational diabetes mellitus is divided into diabetes treated
by lifestyle modification with diet therapy (GDM G1) and
diabetes treated by insulin therapy (GDM G2).
Hyperglycemia has a great influence on the devel-
opment of the fetus and the condition of the newborn.
Adverse perinatal outcomes include macrosomia, birth

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.
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injury, greater rate of surgical deliveries, risk of neonatal
severe respiratory distress syndrome and neonatal meta-
bolic disorders such as hypoglycemia, hyperbilirubinemia,
hypocalcemia [3, 5, 6].

The rate of twin pregnancy has been increased similarly
to GDM. It is mainly caused by greater use of assisted re-
productive technology and shift toward an older maternal
age [2].Unfortunately twin pregnancy is also associated
with a higher complication rate compared to singleton
pregnancy. Women with twin pregnancy are exposed to
miscarriage, gestational diabetes mellitus (GDM), hyperten-
sion, anemia, placenta previa, placental abruption, preterm
labour, premature rupture of membranes [2, 7, 8]. The grow-
ing prevalence of GDM and twin pregnancy has given rise
to their increasing concurrent presentation [3].

Some studies have shown an increased risk for ges-
tational hypertension, preeclampsia, cesarean section
in women with twin pregnancy and GDM compared to
women with twin pregnancy without GDM [8]. The aim
of our study is to assess whether the increased risk associ-
ated with twin pregnancy is exacerbated in the presence of
GDM. One of the most frequent complication of newborns
is respiratory distress syndrome (RDS) which remains a sig-
nificant health problem. Does gestational diabetes mellitus
significantly increase the risk of its occurrence? In addition,
we want to show whether the type of GDM (GDM G1 or GDM
G2) hasaninfluence on the type of pregnancy complications
and condition of the newborns.

MATERIAL AND METHODS

A retrospective analysis of computer documenta-
tion was performed on patients with multiple twin preg-
nancies, who gave birth in the Department of Maternal
and Fetal Medicine, Gynecology and Neonatology in Bydgo-
szcz over the period 2014-2018, as well as of computer neo-
natal documentation of newborns — a total of 212 patients.

The study was based on the diagnosis from the Hospital
Treatment Information Card and diabetes consultations
during hospitalization.

In order to identify fetuses based on medical records
and to facilitate statistical calculations, a division into a larg-
er and smaller newborn was introduced in the analyses
of the condition of the newborn, neonatal complications
and congenital abnormalities.

In the analysis cases of miscarriage, early fetal death
in the first trimester of pregnancy and patients who were
treated during pregnancy in the Department of Maternal
and Fetal Medicine, Gynecology and Neonatology but de-
livered in other units were excluded.

The analysis of quantitative variables (i.e., expressed
in number) was performed by calculating the mean, stand-
ard deviation, median, quartiles, minimum and maximum.

The analysis of qualitative (i.e., non-numeric) variables
was performed by calculating the number and percentage
of occurrences of each value.

The comparison of the values of qualitative variables
in the groups was performed using the chi-square test (with
Yates's correction for 2 x 2 tables) or the Fisher’s exact test
where low expected frequencies appeared in the tables.

The comparison of the values of quantitative variables
in two groups was performed using the Mann-Whitney test.

The comparison of the values of quantitative variables
in three or more groups was performed using the Kruskal-
-Wallis test. After detecting statistically significant differ-
ences, post-hoc analysis with Dunn’s test was performed
to identify the statistically significantly different groups.

The comparison of the values of quantitative vari-
ables in two repeated measurements was performed with
the Wilcoxon test for bonded pairs.

A significance level of 0.05 was adopted in the analysis,
so all p values below 0.05 were interpreted as showing
significant relationships.

RESULTS

In twin pregnancies complicated by gestational diabe-
tes, increased pregnancy supervision is obligatory, both
on the part of obstetrics and diabetes. The distribution of
twin pregnancies in terms of the time of labour is similar
in the group with gestational diabetes and in the group
without diabetes.

In the group with gestational diabetes there was no case
of preterm labour before the 28th week of pregnancy. Four
pregnancies were finished before 32 weeks of gestation, but
no statistically significant correlation was found between
GDM and delivery before 32 weeks of gestation.

Vast majority of patient, both with and without GDM,
gave birth in the period 33-37 t.c. In both groups, more
than one third of patients gave birth after 37 weeks of preg-
nancy. There was no statistically significant relationship
between GDM and intrauterine death. There was no as-
sociation between GDM in twin pregnancies and the type
of delivery. In both cases, caesarean section was by far the
most popular choice (Tab. 1).

There was no statistically significant relationship be-
tween GDM and complications of early puerperium such
as: puerperal anemia, blood loss requiring blood transfu-
sion, perinatal hysterectomy, pre-eclampsia, eclampsia,
post-dural syndrome, endometritis, postpartum depression.

Birth weight was significantly higher in the group of
patients treated with insulin than in the group without
insulin in the case of the smaller children of the couple
(Fig. 1). In larger children, the birth weight was significantly
higher in the group with insulin than in the group treated
with diet, where it was significantly higher than in the
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Table 1.The gestational age at the end of pregnancy and the type of delivery depending on the occurrence of gestational diabetes mellitus (GDM)

Parameter p
No (n=177) Yes (n=33)

Extremely premature delivery 6 (3.4%) 0(0.0%) p=0.489

Very premature delivery 11 (6.2%) 4(12.1%)
Gestational age at birth

Moderately premature delivery 96 (54.2%) 16 (48.5%)

Delivery at the right time 64 (36.2%) 13 (39.4%)

Natural delivery 22 (12.4%) 1(3.0%) p=0.138
Type of delivery

Caesarean section 155 (87.6%) 32 (97.0%)
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Figure 1. Weight of the smaller infant from a twin pregnancy
depending on the onset and type of gestational diabetes mellitus
(GDM)
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Figure 2. Weight of the larger infant from a twin pregnancy
depending on the onset and type of gestational diabetes mellitus
(GDM)

group without GDM (Fig. 2). The birth weight of smaller
newborns was on average: 1,847.8 g (median 1930 g) in
the GDM G1 group, 2513.3 g (median 2475 g) in the GDM
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Figure 3. Apgar score in the 5™ minute of life of the smaller infant
from a twin pregnancy depending on the onset and type of
gestational diabetes mellitus (GDM)
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Figure 4. Apgar score in the 5" minute of life of the larger infant from
a twin pregnancy depending on the onset and type of gestational
diabetes mellitus (GDM)

G2 group and 2236.0 g (median 2320 g) in the group without
GDM.The birth weight of larger newborns was on average:
2,085.6 g (median 2,130 g) in the GDM G1 group, 2,791.3 g
(median 2,860 g) in the GDM G2 group and 2502.2 g (me-
dian 2,640 g) in the group without GDM.

The Apgar score in the 5th minute was the best in the
group without GDM, slightly worse in the group with insulin,
and the worst in the group without insulin in both smaller
and larger children. In addition, larger children with GDM
G1 pregnancies presented lower Apgar scores in the 15
minute (Fig. 3 and 4).
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Figure 5. Necessity of respiratory support in the smaller infant from
a twin pregnancy depending on the onset and type of gestational
diabetes mellitus (GDM)
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Figure 6. Necessity of respiratory support in the larger infant from
a twin pregnancy depending on the onset and type of gestational
diabetes mellitus (GDM)

The need for respiratory support was the rarest in the
GDM G2 group: 20.8% in the smaller children and 25%
in the larger children, slightly more frequent in the group
without GDM: 26% in the smaller children and 33.9% in the
larger children, and the most frequent in the GDM group
G1:77.8% in both smaller and larger children (Fig. 5 and 6).

In the group of larger newborns, the average duration
of stay in the Neonatology Department turned out to be
significantly longer in the case of GDM G1 compared to
the GDM G2 group and the non-diabetic group and amount-
edto 26,1 days (median 20), 9 days (median 5) and 11,4 days
(median 7) respectively. In smaller infants, a similar relation-
ship was not confirmed (p > 0.05 in the Kruskal-Wallis test)
(Fig. 7 and 8).

There was no statistically significant relationship be-
tween GDM G1, GDM G2, and birth body length, discharge
weight, and NICU admission in the case of the smaller child
of the twin pair.

In the group of smaller infants of twin pregnancies com-
plicated by GDM G1, anemia was more frequent (Tab. 2).
Statistical significance was not demonstrated in the group
of larger infants.

In the group of larger newborns from twin pregnancies
complicated by GDM G1, respiratory distress syndrome
(RDS) was diagnosed more often. In the group of smaller
children, there is no significant relationship between GDM
G1 and RDS. However, it is necessary to consider the more
frequent incidence of more serious degrees of RDS requir-
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Figure 7. The length of stay in the hospital of the smaller infant from
a twin pregnancy depending on the onset and type of gestational
diabetes mellitus (GDM)
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Figure 8. The length of stay in the hospital of the larger infant from
a twin pregnancy depending on the onset and type of gestational
diabetes mellitus (GDM)

Table 2. The incidence of anemia of the smaller newborn from

a twin pregnancy depending on the onset and type of gestational
diabetes mellitus (GDM)

Complications - GDM p
smallerinfant  -hu 61 GDMG2  NoGDM

(n=9) (n=24) (n=177)
Anemia 3(333%) 1(42%) 14(7.9%) p=0.044

ing mechanical support in both groups of newborns with
GDM G1.

Grade Il preterm retinopathy occurred more frequent-
ly in the group of larger infants with GDM G1, but with
no significant association in the group of smaller infants.
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Table 3. The incidence of complications in the larger infant:
ll-degree intracranial bleeding, respiratory distress syndrome,

Il-degree premature retinopathy depending on the onset and type
of gestational diabetes mellitus (GDM)

Complications GDM p

= largerinfant GDMG1 GDMG2 NoGDM
(n=9) n=24) (n=177)

Il-degree intracranial

bleeding 2(22.2%)  0(0.0%)

4(23%) p=0.027

respiratory distress

0 0 0 =
syndrome 6(66.7%) 5(20.8%) 57(322%) p=0.041

Il-degree premature

0, 0,
retinopathy 2(22.2%) 0(0.0%)

2(11%) p=0.02

Gestational diabetes G1 and G2 are not associated with
grade | premature retinopathy.

In the group of larger children with GDM G1 preg-
nancies, a higher incidence of second-degree intracranial
bleeding was observed, but with no apparent correlation
in smaller infants. There was no relationship between more
severe degrees of IVH and GDM G1, GDM G2, both in the
group of smaller and larger newborns (Tab. 3).

There was no statistically significant relationship be-
tween GDM G1, GDM G2 and other neonatal complications,
such as: polycythemia, neonatal haemorrhagic disease, neo-
natal hypotrophy, persistent fetal circulation, NEC, pneu-
monia, 1st degree preterm retinopathy, perinatal hypoxia,
death of a live born newborn, jaundice.

There was no statistically significant relationship be-
tween GDM G1, GDM G2 and birth defects. However, it
should be considered that patients with diagnosed hemo-
dynamically significant fetal heart defects were transferred
to highly specialized units with the option of cardiac surgery.

DISCUSSION

Gestational diabetes is a condition of impaired glu-
cose tolerance that was first diagnosed during pregnancy.
In Poland, all pregnant women are covered by diabetes pre-
vention in line with the Recommendations of the Polish So-
ciety of Gynecologists and Obstetricians. The panel of tests
in the first trimester of pregnancy includes fasting glycae-
mia, among others. In case of abnormalities, further diag-
nosis is implemented depending on the fasting glycaemia.

Additionally, an oral glucose loading test is performed
at 24-28 weeks of gestation. If gestational diabetes is diag-
nosed, the patient is provided with diabetes care, and child-
birth should take place in a third-level reference center [9].

Studies on the impact of diabetes in pregnancy on the
fetus have shown that maternal diabetes is significantly re-
lated to neonatal RDS, even if the gestational age at delivery
exceeded 34 + 0[5, 6].

Perhaps the more frequent preterm infant retinopathy
in newborns of mothers with GDM results from more fre-
quent respiratory support as the studies of extreme prema-
ture infants show that significant risk factors for retinopathy
are mechanical ventilation, low gestational age, low birth
weight, and blood transfusion [10, 11].

Sheehan A. et al. [7] compared the course of single
and twin pregnancies with and without GDM. It has been
shown that twin pregnancy, compared to the effects of GDM,
is the mostimportant risk factor for an adverse perinatologi-
cal outcome, including very premature delivery, cesarean sec-
tion and neonatal complications. GDM in twin pregnancies
did not increase the risk of neonatal complications, except
for hypoglycemia. The study of Guillen-Sacoto et al. [12]
has shown the higher risk for the newborns of severe SGA,
hypoglycemia, and polycythemia in twin pregnancies.

The meta-analysis carried out by McGrath et al. [1] did
not show arelationship between gestational diabetes in twin
pregnancy and respiratory complications, hypotrophy, or
disturbed carbohydrate metabolism in the newborn. Never-
theless, newborns from a twin pregnancy complicated with
GDM showed a slightly lower birth weight and more frequent
admission to the ICU.

Worse birth status in newborns with GDM G1 twin preg-
nancies compared to GDM G2 and in patients without glucose
tolerance impairment may result from insufficient compliance
with dietary recommendations and, consequently, lack of
glycemic control. Insulin therapy in pregnancy is associated
with greater discipline of pregnant patients in relation to
a diet with limited easily digestible carbohydrates. There is
a known relationship between mechanical ventilation of
the newborn and preterm retinopathy requiring laser therapy
[13]. Moderate and late prematurity and its complications
may be related to inadequate glycemic control and dietary
adherence in pregnant women. Observational studies by
Antoniou et al. showed a relationship between the increased
value of HBA1c at the end of pregnancy and prematurity [14].

CONCLUSIONS

In summary, our results indicate that GDMin twin pregnan-
cy does notincrease therisk of cesarean section. Caesarean sec-
tion was the most popular choice in both groups. A higher
percentage of newborns were born in a severe or moderate
condition in the group of twin pregnancies complicated by
GDM. Newborns from twin pregnancies complicated by GDM
G1 presented respiratory distress syndrome (RDS) more often.
In conclusion, women with twin pregnancies complicated by
GDM require specialist care during pregnancy and childbirth
should take place in a third-level reference center.
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The nightmare of obstetricians — the placenta accreta

spectrum in primiparous pregnant women
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ABSTRACT

Objectives: The incidence of PAS is increasing day by day as a life-threatening condition. The purpose of the present
study was to determine the factors affecting PAS formation in primiparous pregnant women and to define possible risk
factors for the mother and the baby.

Material and methods: Bursa Yiiksek ihtisas Training and Research Hospital, department of obstetrics and gynecology,
Bursa, Turkey, between June 2016 and December 2020. A total of 58,895 patients were included in the study. After the
exclusion criteria, the study was continued with 27 primiparous PAS and 54 non-primiparous PAS patients. The primary
purpose is to evaluate PAS risk factors. The secondary aim is to examine maternal and neonatal characteristics.

Results: When the parameters that are significant in terms of PAS risk factors were analyzed by Logistic Regression
Analysis, it was found that the increase in age also increased the development of PAS 1.552 times (95% Cl: 1.236-1.948)
and a history of abortion was 7.928. times (95% Cl: 1.408-44.654) and 11,007 times (95% Cl: 2.059-58.832) with history
of myomectomy postoperative HB values (p < 0.001), an estimated amount of bleeding (p < 0.001), need for transfusion
(p = 0.002), and use of drains (< 0.001) were statistically significant different between two groups. When the neonatal
results between patients with and without PAS were examined, birth weight (p < 0.001) and gestational week (< 0.001)
were statistically significant.

Conclusions: PAS does not occur only in multiparous patients who have a history of previous cesarean section. It may

also occur in primiparous patients and is a life-threatening condition.

Key words: spectrum of placenta accreta, high risk pregnancy, primiparous pregnancy
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INTRODUCTION
Placenta accreta spectrum (PAS) is defined as the abnor-
mal invasion of the placental tissues into the myometrium
[1-3]. The diagnosis of PAS is suspected with ultrasonog-
raphy and confirmed with pathological diagnosis after
surgery [4]. PAS is a maternal life-threatening condition that
associated with maternal mortality and morbidity [1-3]. Se-
vere postpartum hemorrhage, need for blood transfusion,
Disseminated Intravascular Coagulation (DIC), organ in-
jury, ileus, infection, thromboembolic complications, need
for intensive care, renal failure, and increased mortality
and morbidity detected in cases with PAS are higher

than uncomplicated pregnancies [5-7].
It is stated in the literature that the most important
factor for the development of PAS is history of cesarean sec-
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tion before [8, 9]. The incidence of PAS is known to be
2-4.84 per 1000 birth and increasing with cesarean deliv-
ery rates throughout the globe [10, 11]. However, when
the literature data were reviewed, it was seen that 38% of
the patients with PAS were primiparous women [12, 13].
The purpose of the present study was to determine the
factors affecting PAS formation in primiparous pregnant
women and to define possible risk factors for the mother
and the baby.

MATERIAL AND METHODS
The place where the study was conducted
The third-largest education and research hospital
in the South Marmara region, where approximately
13.000 births are performed on an annual scale.
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Case group
A total of 27 primiparous pregnant women who were di-
agnosed with PAS between June 2016 and December 2020.

Control group
A total of 54 women (1 case vs 2 controls) who were se-
lected randomLy from among the primiparous women who
delivered throughthe elective cesarean section between
the same years constituted the Control Group.

Study population

The study was initiated with 58,895 patients. Multip-
arous patients were excluded from the study. A total of
13.105 of 21.782 primiparous women delivered through
cesarean section (Fig. 1). Among these, patients with twin
pregnancies were excluded from the study. A total of 29 of
these patients were diagnosed with PAS Ultrasonographi-
cally in the antenatal period. When the postoperative pa-
thology results were evaluated, 27 patients had the diag-
nosis of PAS. The pathology result of all of these patients
was placenta acreata, which is the sub-parameter of PAS.
The Control Group patients were selected randomLy as 1 case
vs 2 controls among the pregnant women who were sched-
uled to have an elective primiparous cesarean section on the
day of surgery of the patients who were diagnosed with PAS.
In each of the PAS cases in the study, the placenta comple-
tely covers the cervical os. However, the placement of the
placenta is anterior or posterior. Similarly, those with anterior
or posterior placental location in the non-PAS group were

included in the study by random selection. Non-Pass cases
where the placenta was fundal located were not included.

Variables: The parameters that were examined
in the study are given in the Table 1 of variables and their
definitions

Purpose of the study

As the primary outcome: The purpose was to evaluate
PAS risk factors.

As a secondary outcome:The purpose was to evaluate
the estimated amount of bleeding, need for transfusion,
length of hospital stay, organ injury, and wound site infec-
tion as neonatal outcomes.

Statistical analysis

The SPSS 21.0 was used for all statistical analyses
(Statistical Package for the Social Sciences, Chicago, IL).
A p-value of < 0.05 was considered statistically significant.
The Shapiro-Wilk test was used to evaluate whether or
not the mean values fit the normal distribution. The t-test
was used for the mean values with normal distribution
and the Mann-Whitney U test for those who did not. The
Chi-Square test was used for pairwise comparisons. The
BackwardLogistic Regression test was usedfor the param-
eters that were significant among the risk factors.

RESULTS
The study was conducted by examining the data of
58.895 patients between June 2016 and December 2020

Number of births between 2016-2020: 58.895

!

Number of primaparous births: 21.782

h 4

|

Number of multiparous births: 37.113

A A 4

Number of primaparous
caesarian births: 13.015

Number of primaparous
vaginal births: 8.767

Patients with PAS
diagnosis: 147

Patients without PAS
diagnosis: 36.966

v

RN

Births with PAS: Births without PAS: Pathology diagnosis Pathology diagnosis
29 12.986 with PAS: 108 without PAS: 39
v
Pathology diagnosis Pathology diagnosis
with PAS: 27 without PAS: 2

Figure 1. The patients who were includedin the study; PAS — placenta accreta spectrum
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Table 1. Variables and their definitions [4]

Variables

PAS diagnosis

Risk factors for PAS

Intraoperative and postoperative
characteristics

Neonatal characteristics

Definition

The diagnosis was made by experienced obstetricians and gynecologists based on transvaginal and
transabdominal ultrasonography findings. Also, the diagnosis was made sure with the pathology
materialsthat were taken during the surgery. Diagnostic criteria of PAS in ultrasonography were; decreased
hypoechogenicity in the retroplacental area, irregular vascular areas in the placenta, increased vascularity in
the myometrium layer between the uterus and bladder [4]

Age [years] (mean)

BMI [kg/m?] (mean)

Curettagehistory (Yes/No)
Myomectomyhistory (Yes/No)

Assisted Reproductive Technique(Yes/No)

Hb: Hemoglobin (preoperative (one day before the operation)and postoperative 6t-hour HB values were
recorded)

Operation type:

Local Resection: Elective cesarean section was planned for patients with PAS between 34 and 37 weeks
according to the degree of invasion. The abdominal cavity was entered with the midline incision. After the
peritoneal cavity was entered, exploration was performed to determine the placental invasion margins. The
baby was removed from fundal incision, the umbilical cord was tied, and the placenta was left in place.

The fundal incision was sutured. After that we ligated internal iliac artery and utero-ovarian ligaman with
1-0 vicryl suture for reducing bloood flow to uterus. we disect the bladder from uterus with advanced
bipolar energy source. We excised the placental invasion area with 1 cm invasion free safe margin. After that
placenta removed from uterus. Resection was performed with scissors and cautery, and bleeding areas were
controlled. One single layer of continuous suture was used to close the transverse incision in the anterior
uterine wall. We insertid bakri postpartum balloon and insuflated with 250 mL saline. We removed balloon
after 24 hours of procedure.

Cesarean section: Primiparous pregnant women who did not have PAS but were planned for elective
cesarean section were included in the present study. The cavity was entered with the Pfannenstiel incision.
After the peritoneal cavity was entered, exploration was performed to determine the invasion margins. After
the disection of bladder, lower uterine segment was incised with a transverse incision, the baby was
removed, the umbilical cord was tied, and the placenta was removed. The incision was sutured. One single
layer of continuous suture was used to close the uterine incision. We insertid bakri postpartum balloon and
insuflated with 250 mL saline. We removed balloon after 24 hours of procedure.

For all patients:

After the fetus and placenta were removed, 20 IU intravenous oxytocin infusion was administered, and

15 IU intravenous oxytocin infusion was continued in the first 24 hours. All patients were administered
prophylactic 2-gram intravenous Cefazolin half an hour preoperatively. These patients were mobilized at the
6th hour and thromboprophylaxis was administered to the patients.

The estimated amount of bleeding: It is defined as the bleeding from the beginning of the skin incision to
the end of the labor. The amount of bleeding was calculated by taking the sum of the amount of blood that
was absorbed by the gauze and the blood in the aspirator chamber.

Need for transfusion:The obstetrician and anesthesiologist made the decision in this respect. The factors
that affected blood transfusion were; preoperative anemia, amount of bleeding during surgery, and
hemogram values during surgery.

Duration of Hospitalization: Given as day(s)
Wound siteinfection:Yes/No

Gestational week: Week

Birth weight: Grams

APGAR1-5:1 and 5-minute APGAR Score
NICU need: Yes/ No

PAS — placenta accreta spectrum; BMI — body mass index; NICU — Neonatal Intensive Care Unit

www. journals.viamedica.pl/ginekologia_polska 137



Ginekologia Polska 2023, vol. 94, no. 2

in the 3™ Stage Training and Research Hospital, where
approximately 13.000 deliveries are recordedon an an-
nual scale. After the exclusion criteria were applied, the
study was continued with 27 PAS and 54 Non-PAS primi-
parous women. PAS rate was 0.2% and the incidence of
primiparous PAS was 0.5% in the Study Group.

When PAS risk factors were examined, none of the patients
became pregnant with the use of any assisted reproductive
technique. None of them had a history of ectopic pregnancy
or molar pregnancy. It was the first birth for all patients. Al-
though no statistically significant differenceswere detected
between the Body Mass Indicesof both groups (p = 0.740),
statistically significant differenceswere found in terms of the
history of previous abortion (p < 0.001), myomectomy history
(<0.001), and the mean age of the mothers (< 0.001) (Tab. 2).

When the parameters that were significant regarding
the PAS risk factors were analyzed with the logistic regres-
sion analysis, the increase in age increased PAS develop-
ment 1.552-fold (95% Cl: 1.236-1.948), a history of curettage
7.928-fold (95% Cl: 1.408-44.654), and history of myomec-
tomy 11.007-fold (95% Cl: 2.059-58.832) (Tab. 3).

All patients with PAS underwent local resection
and Cesarean Section was performed for all cases without PAS.

Although no statistically significant differences were
detected between preoperative HB values (p = 0.104),
wound infection development (p = 0.895), and hospitali-
zation durations (p = 0.463) between the patients with and

Table 2. The distribution of the variables according to case-control
groups

Control Case
Variables (n=54) (n=27)
Number (%) Number
(%)
2+ 10(18.5) 17 (63.0)
C}Jrettage <0,001*
history 1 44 (81,5) 10(37.0)
No 47 (87.0) 10 (37.0)
Myomectomy <0,001*
Yes 7(13.0) 17 (63.0)
BMI Mean+(SD) 25.62+279 2585+332 0.740%
Age Mean+(SD) 22.85+3.92 30.52+4.57 <0.001***

*Chi-Square Test, **t-test, ***Mann-Whitney U test; BMI — body mass index;
SD — standard deviation

Table 3. Placenta accreta spectrum risk factors logistic regression
analyses results

:::i‘:l;;:: ot skl (gl:zfnlllax value)
Age 1.552 1.236-1.948
Curettage 7.928 1.408-44.654
Myomectomy 11.007 2.059-58.832

Cl — confidence interval

without PAS, statistically significant differences were found
in the postoperative HB values (p < 0.001), estimated bleed-
ing amount (p < 0.001), the need for transfusion (p = 0.002),
and the use of drains (< 0.001). Also, bladder or bowel dam-
age wasnot detected in any patient (Tab. 4).

When the neonatal outcomes of the patients with
and without PAS were examined,although 15t-minute
APGAR score (p = 0.532), 5t"-minute APGAR score (p = 0.70)
values, and NICU need (p = 0.204) were statistically insignifi-
cant, birth weight (p < 0.001) and gestational week (< 0.001)
were found to be statistically significant (Tab. 5).

DISCUSSION

Consistent with the literature data, the PAS rate was
found to be 0.2% in the Study Group, and the incidence of
primiparous PAS was 00.5%. When the literature data were
reviewed, it was found that the worldwide PAS rate was
reported to be 0.01-4.84%, the primiparous PAS rate
was approximately 1in 3 ofall PAS cases, and in another study,
this rate was reported as 2.4 per 1000 among all pregnan-
cies [10-14]. When the previous publications on the subject
were examined and in our study, although it is reported that
the history of previous cesarean section is the most impor-
tantfactorinthe developmentof PAS, itis seen thatitcanalso
occur in women who have not given birth before [13].

Atotal of 810 women die every day in the world because
of complications related to childbirth [15]. PAS is among
the most important causes of maternal mortality and mor-
bidity in primiparous patients and should be examined
in detail. However, when the literature data were reviewed,
it is not specified in which primiparous pregnant women
the clinician should be especially alert. When the results of
the present study are examined, the history of myomectomy,
previous abortion, and increased maternal age were found
to be risk factors.

In the meta-analysis that was conducted by lacovelli
et al. [16], although increasing maternal age and myomec-
tomy history were found to be effective in terms of PAS
development in line with the current study, uterine curet-
tage history was found to be insignificant in terms of PAS
development. However, we think that this was because
both multiparous and primiparous women were examined
inthe meta-analysis, but only the data of primiparous women
were examined in the current study [16]. However, in studies
that included fewer cases, it was reported that a history of
curettage is a risk factor for the development of PAS as it
caused endometrial damage. However, when the data of
these studies were reviewed, it was found that they included
both multiparous and primiparous patients [13, 17-20].
Increasing maternal age was identified as an independent
risk factor in a previoius study that was conducted to deter-
mine the incidence of PAS in primiparous women [14]. Also,
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Table 4. Evaluation of the preoperative and postoperative characteristics of the patients

Control (n=54)

Variables Number (%)
Preoperative HB Mean £ SD 11.2985 + 1.019
Postop HB Mean £ SD 11.2204 + 0.820
Estimated Bleeding Mean + SD 302.037 £191.512
Hospitalization Mean + SD 3.259+0.442
Yes 1(1.9)
Tx necessary
No 53(98.1)
Yes 5(9.3)
Drain
No 49 (90.7)
T Cs 54 (100.0)
pe surger;
y e Local resection 0(0.0)
Yes 6(11.1)
Surgery side infection
No 48 (88.9)

Case (n=27) p
Number (%)
10.829 + 1.083 0.104**
9.451 + 1.403 <0.001**
523.333 +279.642 <0.001**
3.777 £2.189 0.463**
7 (25.9)

0.002*
20 (74.1)
24 (88.9)

<0.001*
3(11.1)
17(63.0)

<0.001*
10(37.0)
2(7.4) 0.895*%
25(92.6)

*Chi-Square Test; **Mann-Whitney U; SD — standard deviation; HB — Hemoglobin; Tx — transfusion; Cs — cesarean section

Table 5. Neonatal results

Variables Control (n=54)
Number (%): Number (%):

No 53(98.1)
NICU

Yes 1(1.9)
Birth weight Mean + SD 3261.06 + 432.96
Gestational week Mean + SD 38.70+1.34
APGAR1 Mean + SD 8.96£0.19
APGAR5 Mean + SD 9.96 £ 0.19

Case (n=27) p
Number (%):
24 (88.9)

*0.204
3(11.1)
2707.96 £510.38 ** <0.001
35.60+2.14 *** < 0.001
8.59+1.29 *¥%0.532
9.78 £ 0.64 ***¥0.070

* Chi-Square Test; **t-test, ***Mann-Whitney U; NICU — Neonatal Intensive Care Unit; SD — standard deviation

in a study that examined the 7-year PAS data in a tertiary
health institution, although multiparous patients were in-
cluded, increasing maternal age was found to be an inde-
pendent risk factor in the development of PAS, which is in
line with the results of the present study [21].

Baldwin et al.[14] reported that previous gynecological
surgery increased the risk in women diagnosed with primi-
parous PAS. However, in their study, unlike the present study,
gynecological operations were not examined separately,
but regardless of the type, it was examined whether there
were gynecological operations in the anamnesis. For this
reason, a separate risk assessment was not performed for
each gynecological operation [14].

In the study conducted by Khander et al. which included
46 PAS cases, the history of cesarean section and myomec-
tomy were compared and it was found that myomectomy was
more effective in PAS formation than previous cesarean sec-
tion [22]. However, the patients who were included in this
study were multiparous. In the present study, it was found that
previous myomectomy increased PAS formation 11.007-fold.

When the literature data were examined, although few
studies report the incidence of primiparous PAS and exam-
ine some risk factors, there are not enough data on maternal
and neonatal outcomes [14].

In the present study, statistically significant differ-
ences were detected in terms of the estimated amount of
bleeding, postoperative HB values, need for transfusion,
and drain, which isin line with the literature data. The reason
for this is serious maternal bleeding during the separation
of the placenta in cases complicated with PAS. Although
multiparous PAS cases were evaluated in previous studies,
it was reported that bleeding during the operation is more
common in cases complicated by PAS [5-7].

When the pregnancy results of primiparous PAS cases
were examined in the literature, it was found that only
the gestational weeks were lower at birth, which is consistent
with the results of the present study [14]. The cause of thisis that
PAS cases undergo cesarean section at the 34-37t gestational
weeks [23]. For this reason, the newborn birth weights are
statistically less and the gestational weeks at birth are lower.
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Limitations
The limitation of the study is that none of the patients
who were included in it became pregnant through assisted
reproduction method. In addition, PAS cases included in the
study do not have long-term results.

Strengths of the study

The strengths of the study are that it was conducted in
the largest hospital in the South Marmara region and that all
the patients who were included in the study had antenatal
follow-up and were elective cases. Also, although there are
few studies in the literature investigating the risk factors for
PAS in primiparous women, to the best of our knowledge,
the present study is the first to evaluate maternal and neo-
natal outcomes in these women simultaneously.

CONCLUSIONS
PAS is also present in primiparous pregnant women at
a considerable rate, and it must be known which patients
should be examined in more detail especially in terms of
PAS because it is a life-threatening condition in women.

Ethical approval

The approval for the study was obtained from the local
ethics committee of a tertiary education and research
hospital with the ethics committee number 2011-KAEK-
-252019/08-06. Also, the study was conducted in line with
the Declaration of Helsinki principles.
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ABSTRACT

Objectives: To demonstrate that the application of an enhanced recovery after surgery (ERAS) protocol in elective
cesarean sections is associated with reduced hospital stay without increasing maternal complications.

Material and methods: This retrospective, comparative study included patients who underwent an elective cesarean sec-
tion. The patients were divided into groups: group 1, women who received elements of standardized care according to
ERAS guidelines, and group 2, women who did not receive this care.

Results: The study included 295 patients, 139 in group 1 (ERAS) and 156 in group 2. The demographic characteristics were
similar. Hospital stay and postoperative pain at 24 and 48 hours were lower in patients in group 1; these differences were
statistically significant (p < 0.001). The overall complication rate, head pain, surgical wound infection, urinary retention,
and readmission were similar in both groups.

Conclusions: The application of an ERAS protocol can reduce hospital stay and postoperative pain without increasing
the postoperative complication rate in patients who undergo an elective cesarean section. In developing countries,

the application of this protocol could help in optimizing available health system resources.

Key words: ERAS; enhanced recovery; enhanced recovery after surgery; c-section; cesarean section
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INTRODUCTION

A cesarean section is a surgical procedure to deliver a fe-
tus and its membranes through a laparotomy and an incision
in the uterus (hysterotomy) [1].

Cesarean section is the most common surgery per-
formed worldwide, and its prevalence has increased, in-
creasing the risks of maternal morbidity, and mortality. It is
estimated that approximately 18.5 million cesarean sections
are performed each year. The increase in cesarean sections
in Mexico has been a motive of concern for the government
health system. Between 2000 and 2012, the number of
cesarean deliveries increased by 50.3%. There is also a clear
difference in the number of cesarean deliveries practiced
in the public and private practice (40.9% vs 69.9% of all
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deliveries, respectively). Mexico has the fourth-highest rate
of cesarean deliveries in the world [2, 3].

It is estimated that up to 45% of all cesarean deliver-
ies are electively programmed. This surgical procedure in-
creases hospital stay, and therefore, the cost of medical
care compared to vaginal deliveries. The most frequent
complications of cesarean delivery are bleeding, intrab-
dominal organ damage, postsurgical infection, and venous
thromboembolism [4].

Enhanced recovery after surgery (ERAS) is a multimod-
al, multidisciplinary concept based on scientific evidence
[5]. These guidelines were designed for patients who un-
dergo different surgical procedures. Improved recovery
has as its central philosophy to reduce the harmful effects
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of surgery. This allows a rapid and beneficial postsurgi-
cal recovery [6]. The most important aspects of this ap-
proach are adequate postoperative nutrition, a reduction
in the surgical stress response, minimum use of opioids
in postsurgical analgesia, early mobilization, and the ap-
plication of postoperative care designed and managed by
a multidisciplinary team [7].

This study aimed to evaluate the postoperative results
after applying enhanced recovery after surgery in a group
of patients undergoing elective cesarean section in a ter-
tiary-care private hospital in Monterrey, Nuevo Leon, Mexico.

Objectives
To demonstrate that the application of an enhanced
recovery after surgery (ERAS) protocol in elective cesar-
ean sections is associated with reduced hospital stay with-
out increasing maternal complications.

MATERIAL AND METHODS

This was a retrospective, comparative study carried out
at the Hospital San Jose of the Tec Salud System of the
Instituto Tecnolégico y de Estudios Superiores de Monter-
rey in Monterrey, Mexico. Pregnant women between 18
and 40 years of age with an electively planned cesar-
ean section from January 1, 2017, to December 31, 2020,
were included with previous Ethics Committee approval
(P000237-AGECE 120-CI-CR002).

Inclusion criteria were women 18 to 40 years of age
with a term pregnancy (37 to 41 weeks of gestation) pro-
grammed for an elective cesarean section. The exclusion
criteria were patients undergoing an emergency cesar-
ean section, women with obstetric hemorrhage, patients
with active labor, infection, a hysterotomy other than Kerr,
with more than three previous cesarean sections, morbid
obesity [body mass index (BMI) > 40 m?/kg], placentation
disorders, a history of hypertension and/or diabetes mel-
litus, hypertensive disease of pregnancy, and/or gestation-
al diabetes, women with kidney function abnormalities,
and patients with platelet and/or coagulation disorders. Pa-
tients with incomplete medical records were excluded.

The patients were divided into groups. Group 1, pa-
tients undergoing an elective cesarean section during 2020
and who received a series of standardized preoperative, peri-
operative, and postoperative care according to ERAS guide-
lines implemented in the hospital, and group 2, patients
who underwent an elective cesarean section during 2017
and 2018 before the implementation of ERAS care in the
hospital. All procedures from both groups of patients were
performed by the same group of surgeons.

The applied standardized procedures consisted of
not performing bowel preparation before the procedure,
allowing the intake of fluids and carbohydrates up to

six hours before surgery, not using pre-anesthetic seda-
tion, thromboprophylaxis with knee compression stock-
ings, a prophylactic antibiotic (cephalothin 2 grams in-
travenously 30 to 60 minutes before the skin incision;
in the case of penicillin allergy, gentamicin 80 mg intrave-
nously), no pubic hair shaving, and a surgical scrub with
chlorhexidine.

A Kerr-type hysterotomy was performed, a liquid diet
was started early after surgery (4 h), intravenous fluids were
administrated for a maximum of 24 hours after surgery,
nausea and vomiting were controlled pharmacologically,
and postoperative pain control was made paracetamol
and ketorolac, opioids were avoided as much as possible.
The urinary catheter was removed, and ambulation was
started 12 h after surgery. A visual analog scale was used to
assess postoperative pain. All the complications observed
during the study were reported.

Statistical analysis was performed with the Kolmogo-
rov-Smirnov test to determine the normality of the varia-
bles. Categorical variables were reported as frequencies and
percentages and continuous variables with a non-normal
distribution as medians and ranges. The characteristics
of both groups were compared using the Mann-Whitney
U test for continuous variables and Pearson’s chi-square or
Fisher’s exact test for categorical variables. All tests were
bilateral, considering a p value < 0.05 as statistically sig-
nificant. SPSS statistical software version 16 was used to
analyze the data.

RESULTS

A total of 295 patients were subjected to the surgical
procedure. Group 1 included 139 patients who received
the previously described care according to ERAS guide-
lines. Group 2 included 156 patients who had an elective
cesarean section but without applying the described stand-
ardized procedures.

The women who underwent the ERAS protocol were
older (30.5 £ 5.2 vs 29.1 + 4.8), and this difference was sta-
tistically significant (p = 0.01). The BMI was similar in both
groups (29.9 kg/m? vs 30.6 kg/m?; p = 0.08). The marital
status of the patients, height and BMI are summarized
in Table 1. The gestational age at surgical intervention was
similar in both groups (Tab. 1).

All the women included, on both groups, received a Kerr
hysterotomy, thromboprophylaxis, and antibiotic prophy-
laxis. Intravenous fluids with Hartmann’s and 5% glucose
solutions were provided to all patients. Hartman’s solu-
tion was administered during the surgical procedure. After
delivery, 5% glucose solution and Hartman solution were
administered alternately.

Most of the women in both groups received some
preoperative sedation (72.3%), an antiemetic (81.2%),
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Table 1. Demographic characteristics of the patients

Characteristic Group 1 (139, 47.2%)
Age [years] 30.5+5.2(19-44)
Weight [kg] 75.7+£12.0(51-112)
Height [m] 1.59 £ 6.3 (1.43-1.76)
BMI [kg/m?] 29.9+4.2(18.3-38.7)

Gestational age [weeks] 38.5+0.85 (37-40.1)

Marital status, married, n (%) 136 (87.2)

Group 2 (156, 52.9%) p value
29.1+4.8 (18-44) 0.018
78.3+ 11.8 (48-105) 0.037
1.60 £ 5.7 (1.47-1.74) 0.38
30.6 + 4.8 (20.2-39.5) 0.08
38.5+0.85 (37-41.3) 0.72
127 (90.7) 0.48

Data are presented as means + standard deviation and (ranges) unless otherwise stated; BMI — body mass index

Table 2. Comparison of duration times of interventions in the groups

q Group 1
Intervention n=139
Fast [hours] 8.0+ 1.9 (3-20)

Intravenous solutions [hours] 20.7 + 4.1 (8-24)
28+2.1(1-10)
21+1.2(1-9)

20.1+4.4 (10-55)

(
8.8+2.9(2-16)

(

(

Pain scale points [24 hours]

Pain scale points [48 hours]
Removal of urinary catheter [hours]
Start of oral intake [hours]
Ambulation [hours] 20.2+3.9(11-22)

Postsurgical hospital stay [hours] 44,0 £ 5.4 (31-60)

Data are presented as means + standard deviation and (ranges) unless otherwise stated

Group 2
n=156 p value
11.3+2.31(2-24) <0.001
19.9 £4.3(12-24) 0.15
4.0+1.3(1-10) <0.001
2.8+1.9(1-10) >0.99
223 +4.6(12-44) <0.001
10.5 + 2.8 (6-20) <0.001
22.6+4.1(12-44) <0.001
50.2+8.2 (37-84) <0.001

Table 3. Comparison of number and type of complications between the two study groups

Group 1,n=139

Complications 3(2.1)
Hospital readmission 1(0.7)
Surgical wound infection 1(0.7)
Head pain 2(1.4)
Urinary retention 1(0.7)

Some patients had more than one complication

and postoperative opioids (84.8%). There was no significant
difference between the groups.

Skin antisepsis was performed with chlorhexidine. Body
temperature was strictly monitored. These procedures were
not performed in group 2 (patients who did not receive the
ERAS protocol). The fasting period in group 1 was shorter
than in group 2 (8.0 + 1.9 vs 11.3 + 2.3 h). This difference
was statistically significant (p < 0.01). The urinary catheter
was removed (20.1+4.4vs22.3+4.6 h),and diet (8.8 +2.9vs
10.5 £+ 2.8 h) was started sooner in group 1; ambulation
also started sooner (20.2 + 3.9 vs 22.6 £+ 4.1 h). These find-
ings were statistically significant (p < 0.01) (Tab. 2). Accord-
ing to the visual analog scale, there was less pain at 24 h
ingroup 1 (2.8 +£2.1vs4.0+ 1.3).This finding was statistically

Group 2, n =156

0 0.47

significant (p < 0.01); however, the results of postoperative
pain at 48 hours were not significant (2.1 £ 1.2 vs 2.8 £ 1.9)
(Tab. 2). The women in group 1 had a shorter hospital stay
(44 £ 5.4 vs 50 £ 8.2 hours; p < 0.01) and also received less
antibiotic therapy (80.7% vs 89.1%; p < 0.05).

Only seven patients (2.4%) of all the women included
in the study had a complication.The complications observed
were hospital readmission (3, 1%), surgical wound infection
(3, 1%), head pain (4, 1.4%), and urinary retention (1, 0.3%).
Patients who had a surgical wound infection were the ones
who were readmitted, one of them also showed urinary
retention. There was no significant difference between
the two groups regarding complications (2.6% vs 2.1%;
p > 0.9) (Tab. 3).
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DISCUSSION

The implementation of the ERAS protocol in women
subjected to an elective cesarean section was associated
with a reduction in postoperative pain and time of hospi-
tal stay. Likewise, patients in this group started a postop-
erative diet earlier and had the urinary catheter removed
sooner, which allowed early postoperative ambulation.
These benefits helped speed up the hospital discharge of
these patients.

Some studies have reported a shortened hospital stay
and areduction in surgical complications when this protocol
is applied, a situation that reduces total costs for the patient
[8, 9]. These benefits translate into quality medical care,
generating greater security which the patient perceives as
a better surgical experience.

In our study, the complication rate was similar in both
groups. Therefore, the interventions in the ERAS protocol do
not increase the complication rate and offer the possibility
of significantly shortening the hospital stay of patients who
undergo an elective cesarean section.

Enhanced recovery after surgery is a series of guidelines
developed in 2001 by a group of surgeons in Europe with
a multidisciplinary approach that focuses on surgical pa-
tients [10]. The ERAS protocol involves several elements of
care, such as carbohydrate drinks two hours before surgery,
early mobilization, and early oral postoperative intake of
fluids and food (the same day of surgery) [5, 11].

The care proposed in the ERAs protocol is divided
into specific elements. Preoperatively, carbohydrate flu-
ids are recommended at least two hours before surgery
to reduce insulin resistance and increase early recovery,
prophylaxis against thrombosis, antibiotics as prophylaxis
against infection at least 60 minutes before the skin incision,
and antiemetics to reduce the possibility of postoperative
nausea and vomiting [11]. Whether they were in the ERAS
group or not, all women in our study received prophylaxis
against thrombosis and infection; there was no difference
in the frequency of administration of antiemetics in the two
groups (p = 0.26).

The ERAS protocol proposes controlling body tempera-
ture using thermal blankets and warmed intravenous solu-
tions to reduce complications in the intraoperative period
[12]. In our study, body temperature was controlled in 100%
of the patients in the ERAS protocol and none in group 2
(p < 0.007).

Finally, in the postoperative period, several meas-
ures are recommended. First, early mobilization and
early oral intake of fluids and solids on the day of sur-
gery to reduce the insulin resistance induced by fasting;
early removal of the urinary catheter and intravenous
fluids; pain management limiting opioid administra-
tion; and preparation for early discharge [13]. In our

study, there were no significant differences between the
hours of intravenous solution administration (p = 0.15).
The urinary catheter was removed earlierin women in the
ERAS protocol; an early oral diet after surgery and early
ambulation also occurred in the ERAS patients. However,
the most relevant aspect of our results was undoubtedly
the reduction in hospital stay after surgery in the patients
in the ERAS group. In any health system, a decrease
in the length of hospital stay represents resource savings
that allow a greater number of women to be cared for
more efficiently.

Some data suggest that the implementation of the
ERAS protocol can reduce complications by 10 to 20%
[14, 15]. In this study, the number of complications did
not differ between the two groups. The sample size seen
in the study did not allow a statistical comparison of com-
plication rates.

The ERAS protocol has shown to reduce hospital length
stay, in our study the difference was statistically significant
between both groups, since the difference was six hours,
it may not appear to be clinically relevant for a single patient
but applied on public health system on a single hospital
in our city that has 4800 cesarean sections per year that is
28,800 less hours.

The ERAS protocol also reduces health costs [16]. For
example, a study published by Rhou et al. [17] reported
that the costs of patients who underwent laparoscopic hys-
terectomy with the ERAS protocol were lower than those
of patients undergoing the same surgery but who did not
follow the ERAS protocol (p = 0.001). This data is important.
Our population could benefit because Mexico is considered
a developing country.

One of the limitations of the present study is the fact that
some of the procedures that are part of the ERAS protocol
may be similar to the procedures that are conventionally
used in clinical practice.

CONCLUSIONS
The application of an ERAS protocol can reduce hos-
pital stay and postoperative pain without increasing the
postoperative complication rate in patients who undergo
an elective cesarean section. In developing countries, the
application of this protocol could help optimize available
health system resources.
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ABSTRACT

Objectives: Preterm birth is a key factor contributing to haemorrhage incidence in neonates. This study focused on de-
fining relevant parameters for the assessment of intraventricular and intraparenchymal haemorrhage risks in neonates.

Material and methods: Chi-square automatic interaction detection was used to analyse the Apgar score (AS), the Apgar
max score, and the course of resuscitation documented according to the expanded AS in 696 infants born between 2009 and
2011 in the Neonatal and Intensive Care Department of the Medical University of Warsaw.

Results: Gestational age was the most relevant discriminating variable for the prediction of intraventricular Ill degree
and intraparenchymal haemorrhage incidences. Infants born before the 31t week of pregnancy made up 80% of the
intraventricular or intraparenchymal haemorrhage cases. Additionally, a fraction of inspired oxygen > 0.8 at ten minutes
after birth was a better discriminating variable in the youngest neonates than an Apgar max score < 5, identifying 31.6%
and 20.6% of infants with intraventricular and intraparenchymal haemorrhage, respectively.

Conclusions: Consideration of the oxygen concentration supplied during resuscitation significantly improves the prognosis

of intraventricular and intraparenchymal haemorrhages in preemies compared to the use of the classical AS.

Key words: algorithm; Apgar score; CHIAD; IPH; IVH
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INTRODUCTION

In 1952, in response to a student who asked her how to
estimate the health status of a newborn immediately after
birth, Virginia Apgar wrote down five points on a piece of
tissue paper. A year later, the Apgar score (AS) was made
public, and two years later it was officially published.n 2015,
the American Academy of Paediatrics (AAP) and the Ameri-
can College of Obstetricians and Gynaecologists (ACOG)
accepted the AS as a reliable and convenient measure of
an infant’s health status and the reaction to resuscitation,
if needed [1, 2].

The AS was never intended to serve as a prognostic tool,
and according to the AAP and the ACOG guidelines, it should
not be used to predict individual neonatal mortality or neu-
rologic outcome. However, the correlation between the AS
and a newborn’s further development became of great inter-
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estin clinical practice [1-5]. A low AS in the fifth minute after
birth has been linked to abnormal development later in life
[6, 71. Numerous studies also indicate an impact of the pro-
cedures performed immediately after birth on the incidence
of retinopathy of prematurity (ROP), bronchopulmonary
dysplasia (BPD), and intraventricular or intraparenchymal
haemorrhage (IVH/IPH), particularly in preemies [8-10].
In fact, the immaturity of preemies is the main cause of IVH I
and IPH [11, 12]. IVH Il and IPH substantially contribute to
further complications and neonatal mortality. They are also
key causes of developmental disorders of motor, cognitive,
and behavioural functions in schoolchildren [12].

Since an infant’s condition and further development
often depends on medical interventions used to support
postnatal transition, a description of these procedures is
an important component of an alternative scoring system
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— the extended Apgar score. The extended AS rates
the same five signs as the original AS (heart rate, skin colour,
muscle tone, reflex irritability, and respiratory function) but
extends the observations and scoring to 10, 15, and 20 min-
utes after birth (if the 5-minute AS is < 7) [13]. Additionally,
the expanded AS allows the resuscitative procedures per-
formed immediately after birth to be recorded, including
continuous positive airway pressure, oxygen supplementa-
tion bag and mask ventilation, intubation and ventilation,
chest compressions, and surfactant and/or epinephrine
administration [13].

Objectives
In the present study, using the expanded AS, we inves-
tigated if the interventions performed in the labour ward
can reliably predict the incidence of early complications
ininfancy.In particular, we focussed on the incidence of IVH IlI
and IPH in neonates, as they have the highest clinical impact.

MATERIAL AND METHODS

Our single-centre study was based on the medical docu-
mentation of 696 infants born between 2009 and 2011
in the Neonatal and Intensive Care Department Medical
University of Warsaw, which was sufficient to perform sta-
tistical analyses. This group comprised 276 infants (147 boys
and 129 girls) born between the 23/ and 31t week of gesta-
tional age (GA), 190 infants (100 boys and 90 girls) born be-
tween the 32" and 36" week of GA,and 230infants (119 boys
and 111 girls) born after the 37t week of GA. The study
included neonates that required resuscitation in the first
minutes after birth (ventilation using a mask ventilator,
intubation, oxygen concentration used, cardiac massage,
and epinephrine use) and with an AS < 7 in the first minute
after birth. The exclusion criteria included an AS > 7, the
presence of significant congenital disorders, and a lack of
resuscitation interventions. The youngest group (< 315t week
GA) studied in detail consisted of 109 infants born by vaginal
birth and 167 by caesarean section, with an average duration
of pregnancy of 27.8 weeks.

Thefollowing analysed parameters were used as inputs
for the chi-square automatic interaction detection (CHAID)
algorithm:i) the ASat 1, 3, 5, 10,and 15 minutes after birth;
ii) the maximum value from the AS measured at 1, 3, 5,
and 10 minutes after birth (AS max); and iii) the course of
resuscitation documented according to the expanded AS
(ventilation using a mask ventilator, intubation, oxygen
concentration used, cardiac massage, and epinephrine use).

Statistical analysis
The CHAID algorithm, which assures high specificity
and sensitivity of the analysis and statistically significant
division of the nodes, was used for data analysis (SPSS 15.0).

Data were compared using Pearson’s chi-square test with p
set at 0.05 (Bonferroni adjusted for multiple comparisons)
and a cut-off selected automatically for all the parameters.
The algorithm starts with the discretisation of the continu-
ous variables. Next, the variable that best discriminates
between decision classes is chosen based on the results of
the chi-square test. In this way, the whole set of observa-
tions (i.e., root node) is split into subsets (i.e., internal nodes)
that are as homogeneous as possible (regarding decision
classes), with the branches extending from the root to the
nodes describing the rules of division. The internal nodes are
then further divided based on the results of the chi-square
test. The division continues until nodes containing only
one decision class (i.e., leaf nodes) are obtained, the desired
depth of the tree is reached, or when the outcome of the
next division does not significantly change the structure
of the decision classes. Optionally, the decision tree can be
trimmed. The branches (rules of division) that do not signifi-
cantly influence the accuracy to distinguish between deci-
sion classes regarding preceding nodes can be shortened.

The branches linking the nodes, going from the top
(root) to the bottom (leaves) of the tree, create decision
rules in the form of implications: if A and if B and if... and if
Z, then the ratio of the decision class (e.g., incidence of IVH)
equals X.We aimed to define the relevant parameters affect-
ing IVH lll/IPH incidence and to assess the risk of IVH Ill/IPH
based on medical findings and their interactions. Therefore,
the classes of our binary variable, namely the presence or
lack of IVH lll/IPH, were marked as 1 or 0, respectively.

RESULTS

To evaluate the relationship between IVH Ill/IPH inci-
dence and gestational age, we first prepared a frequency
plot (Fig. 1). IVH Ill cases were observed most frequently
in the youngest neonates. Because 80% of I[VH III/IPH cases
were observed in the infants born before the 315t week of
GA, only these neonates were chosen for further analysis.

Artificial intelligence algorithms are currently the tool
of choice in medical diagnostics and in decision-making
systems. We used one of these modern statistical tools
— a CHAID decision tree — to create a clear knowledge
system based on decision rules. Next, we constructed
a CHAID decision tree. Based on the CHAID algorithm, the
expanded AS and a fraction of inspired oxygen (FiO,) > 0.8 at
10 minutes after birth were chosen as variables with the
highest discriminating power. By using these parameters
in the analysis, we identified 12 infants with IVH IlI/IPH in
a group of 38 neonates (31.6%) (Fig. 2). When we used the
classical AS and an AS max < 5, we identified 13 neonates
with IVH lII/IPH in a group of 63 infants (20.6%) (Fig. 3).

These results indicate a higher discriminative power of
the FiO, at 10 minutes after birth (based on the expanded
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Figure 1. Intraventricular or intraparenchymal haemorrhage (IVH
11I/IPH) frequency distribution by pregnancy week; The frequency of
IVH 1II/IPH is shown in relation to gestational age (in weeks). For every
gestational week, the number of infants with (1, blue) or without (0,
red) IVH Ill/IPH is shown. n = 696

AS) than the AS max. In the key leaf node, the discriminative
power of the expanded AS to identify infants with IVH l1l/IPH
was 10% higher than that of the AS max. Additionally, using
the expanded AS resulted in a more specific (i.e., smaller)
subgroup of neonates (38 vs 63), in which a similar number
of IVH Ill/IPH cases was identified (12 vs 13).

The above analysis was conducted on the group of
youngest infants (< 31 weeks GA), who experienced IVH
[1/IPH the most often. In this group, an FiO, > 0.8 at 10 min-
utes after birth was a discriminating parameter. Therefore,
we decided to investigate this parameter further. We ana-
lysed the whole group of infants and added the GA as a new
parameter to our decision tree. In this way, the tree reached
a depth of two. In the node of < 26 weeks of GA, a new
division was generated, creating two subgroups based on
the FiO, at 10 minutes after birth as a decision parame-
ter:<0.3and > 0.3. An FiO, > 0.3 was a discriminating value
in this analysis and identified 29.1% of the group as having
experienced IVH IlI/IPH (Fig. 4). Lastly, using an FiO, > 21%
as a reference point, we analysed the concentration of oxy-
gen that was given to the infants with IVH III/IPH (Fig. 5).
An FiO, > 80% resulted in the highest IVH lll/IPH incidence.
An FiO, > 30% identified IVH Ill/IPH cases less precisely, but
itincluded a larger group of infants. Therefore, even though
we suggest the FiO, as a powerful discriminative param-
eter, adirect correlation between the oxygen concentration
and IVH llI/IPH incidence should be evaluated carefully and
might require further analysis of, for example, the partial
pressures of carbon dioxide (pCO,) and oxygen (pO,).

DISCUSSION
The objective evaluation of an infant’s health status is
important not only for the care the newborn requires but
also for scientific research. The need for an unambiguous
and comparable record of such an assessment led to the
invention of a clear numerical scale. Virginia Apgar was

Node 0
Category % n
WVH Ho 92.8 256
mo |0 72 20
[mR Total 100.0 276
FiO,_10
Adj. P-value = 0.000 Chi-square = 41
124, df =2
<0.25 (0.25; 0.80) > 0.80
I
Node 1 Node 2 Node 3
Category % n Category % n Category % n
mo 100.0 87 mo 94.7 143 mo 684 26
O 00 0 (R 53 8 O 316 12
Total 315 87 Total 54.7 151 Total 13.8 38

Figure 2. The decision tree based on the expanded Apgar score (fraction of inspired oxygen 10 minutes after birth) for infants < 315t week of
gestational age (GA); The group consisting of the youngest infants (< 315t week of GA) was split into three subgroups based on the fraction

of inspired oxygen (FiOz) at 10 minutes after birth: < 0.25, 0.25-0.8, and > 0.8. The decision classes referring to the presence or lack of IVH Ill/IPH
were marked as 1 or 0, respectively. n = 276; Pearson’s chi-square test with P inset at 0.05 (Bonferroni adjusted for multiple comparisons) was used

to assess statistical significance
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Figure 3. The decision tree based on Apgar max score; The group consisting of the youngest infants (< 315t week of GA) was split into two groups
based on the Apgar max score (apg_max): < 5 and > 5. The decision classes referring to the presence or lack of IVH I1l/IPH were marked as 1 or 0,
respectively. n = 276; Pearson’s chi-square test with p inset at 0.05 (Bonferroni adjusted for multiple comparisons) was used to assess statistical

significance

Node 0
Category % n
IVH mo 96.4 67.1
mo [ 36 25
(ml! Total 100.0 696
GA_weeks
Adj. P-value = 0.000 Chi-square = 81
900, (lzlf =2
<26 (26; 36) > 36
Node 1 Node 2 Node 3
Category % n Category % n Category % n
Ho 790 64 mEo 97.9 377 Eo 100.0 230
o1 210 17 (R 21 8 o1 00 12
Total 116 81 Total 55.3 385 Total 333 230
FiO, 10
Adj. P-value = 0.046 Chi-square = 6
785, df =1
<03 >0.3
Node 4 Node 5
Category % n Category % n
mo 96.2 25 mo 709 39
01 38 1 01 29.1 16
Total 37 81 Total 79 55

Figure 4. The decision tree relating IVH Ill/IPH incidence to the gestational age (GA) and the fraction of inspired oxygen (FiO,) ten minutes after
birth; The study group (n = 696) in the root node was split into three subgroups based on GA: < 26", 2636, and > 36" week of GA. The node
< 26t week of GA was further divided into subgroups according to the FiO, ten minutes after birth: < 0.3 and > 0.3. The decision classes referring
to the presence or lack of IVH lI/IPH were marked as 1 or 0, respectively. Pearson’s chi-square test with p inset at 0.05 (Bonferroni adjusted for
multiple comparisons) was used to assess statistical significance
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Figure 5. Effect of the fraction of inspired oxygen (FiO,) ten minutes
after birth on IVH lI/IPH incidence according to gestational age (GA);
The percentages (%) of cumulative IVH Ill/IPH incidence depending
on the FiO, ten minutes after birth were plotted against GA: > 80%
(marked in red), > 30% (marked in blue), and = 21% (marked in
green). Squares indicate data points: GA < 26, GA < 31, and GA < 42.
The dashed lines represent estimations of the values. FiO, > 80%
shows the highest penetration of IVH Ill/IPH incidence. FiO, > 30%
identifies IVH Ill/IPH incidences less precisely but includes a larger
group of infants. FiO, > 21% was used as a reference point

thefirst to propose a measure of an infant’s health status that
is quantitative, and therefore applicable in medical research.

To assess the health status of infants born prematurely
and those requiring medical interventions, Rudiger et al.
[13, 14] suggested a modification of the AS (the specified
AS).The modification aimed to relate the AS to the GA, but
it was independent of the requirements to achieve the scor.
Hence, an infant born full-term or prematurely, who has
no problems adapting to extrauterine life or who reacts
favourably to resuscitation or other interventions, obtains
the maximum specified AS.

The rapid progress observed in the field of neonatol-
ogy in the last decades, the expanding knowledge base,
and technological developments have resulted in increased
survival of newborns. This has led to a significantly greater
number of medical procedures undertaken immediately af-
ter birth. These procedures and their outputs should not be
omitted in the health assessment of newborns [13, 15, 16].
Our results confirm the link between the interventions
undertaken immediately after birth and the health sta-
tus later in life. In 2006, the AAP Committee on Foetuses
and Newborns and the ACOG Committee on Obstetric
Practice proposed an expanded AS to account for these
interventions and their effects [2, 16]. This scale contains,
along with the classical AS, a listed course of resuscitation
procedures. In use since 2008 in the Neonatal and Intensive
Care Department of the Medical University of Warsaw, the
expanded AS has significantly improved the precision of

the documentation of the resuscitation procedures. It has
also decreased the subjectivity of the health status evalua-
tion of newborns. Therefore, this score was used in our study.

Further developments in the health assessment of
newborns include the combined AS developed by Rudiger
and Aguar [14], which merges the specified and expanded
AS and assigns numeric values to the descriptive com-
ponents of the expanded AS. Dalili et al. [17] compared
the four types of AS and concluded that only a low score
according to the combined AS predicts the incidence of IVH
and its neurological complications in infants with perinatal
hypoxia. A low combined AS at 5 minutes after birth has
been independently linked to IVH incidence. However, it
does not indicate the severity of IVH. These results agree
with the ACOG and AAP, our results, and other published
studies showing the low prognostic value of the classic AS
on prospective neurological status or unfavourable health
prognosis [18-23].

Our study was based on decision trees, which have sev-
eral advantages over other decision algorithms. Their simple
structure allows for an easy interpretation of the results. They
enable the assessment of the importance of the variables
and attributes and do not require assumptions regarding
the specific distribution of the variables. The missing data
do not cause problems in the analysis, and the classification
based on decision trees is characterised by high accuracy.
Additionally, the possibility of modelling dependencies of
nonlinear phenomena and of analysing various sets of vari-
ables (nominal, ordinal, and continuous) allows for greater
precision and detail in the description of the infants'health
status and the undertaken interventions. The decision tree
algorithm suited our study goals and setup because we
required i) a simple data representation structure, ii) the
possibility to analyse various sets of variables (nominal,
ordinal, and continuous) with non-normal distribution,
and iii) a high-accuracy classification system.

Our CHAID-based analysis shows the importance of
the concentration of the oxygen supplied after birth in
the prognosis of IVH Ill/IPH incidence in premature infants.
In score-only-based systems this information is lost. The
combined AS only considers the presence or absence of
oxygen supply. In our analysis, we defined the thresholds
for the selection of the groups of newborns for whom the
health status prognosis can be made. Nevertheless, this is
only a preliminary study that focuses on the prognosis of
IVH Il and IPH incidence based on an infant’s health status
after birth. The GA and the birth body weight are the most
important risk factors for complications such as IVH, ROP,
and BPD. Although these diseases have complex pathogen-
esis, the states of blood supply and oxygenation of cells and
tissues are the key influencing factors [24, 25].
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CONCLUSIONS

The concentration of oxygen used during resuscita-
tion is an important factor in the prognosis of IVH IlI
and IPH incidence. In follow-up studies, we plan to define
the elements of the expanded AS that facilitate predictions of
other early complications in preemies, like ROP and BPD. This
information will not only improve the assessment of a new-
born’s health status but also allow doctors in labour wards
to choose the most appropriate and effective interventions.

Acknowledgements

The authors would like to thank Proper Medical Writing
Sp.zo.o.for providing medical writing assistance and editorial
support in the development of this manuscript.

Conflict of interests
The authors declare no conflict of interest.

REFERENCES

1. Committee on Obstetric Practice American Academy of Pediatrics —
Committee on Fetus and Newborn. Committee Opinion No. 644. The
Apgar Score. Obstetrics & Gynecology. 2015; 126(4): e52-e55, doi:
10.1097/20g.0000000000001108.

2. American Academy of Pediatrics, Committee on Fetus and Newborn,
American College of Obstetricians and Gynecologists and Committee on
Obstetric Practice. The Apgar score. Pediatrics. 2006; 117(4): 1444-1447,
doi: 10.1542/peds.2006-0325, indexed in Pubmed: 16585348.

3. Montgomery KS. Apgar Scores: Examining the Long-term Significance.
J Perinat Educ. 2000; 9(3): 5-9, doi: 10.1624/105812400X87716, indexed
in Pubmed: 17273212.

4. Hogan L, Ingemarsson |, Thorngren-Jerneck K, et al. How often is a low
5-min Apgar score in term newborns due to asphyxia? Eur J Obstet Gyne-
col Reprod Biol.2007; 130(2): 169-175, doi: 10.1016/j.ejogrb.2006.03.002,
indexed in Pubmed: 16621222.

5. LeeHC, Subeh M, Gould JB. Low Apgar score and mortality in extremely
preterm neonates born in the United States. Acta Paediatr. 2010; 99(12):
1785-1789,doi: 10.1111/j.1651-2227.2010.01935., indexed in Pubmed:
20626363.

6. Jain L, Ferre C, Vidyasagar D, et al. Cardiopulmonary resuscitation of
apparently stillborn infants: survival and long-term outcome. J Pediatr.
1991; 118(5): 778-782, doi: 10.1016/50022-3476(05)80046-0, indexed
in Pubmed: 2019934.

7. AmericanCollege of Obstetricsand Gynecology.Neonatal Encephalopathy
and Cerebral Palsy: Defining the Pathogenesis and Pathophysiology.
Washington, DC ACOG. 2003.

8. Carter BM, Holditch-Davis D. Risk factors for necrotizing enteroco-
litis in preterm infants: how race, gender, and health status con-
tribute. Adv Neonatal Care. 2008; 8(5): 285-290, doi: 10.1097/01.
ANC.0000338019.56405.29, indexed in Pubmed: 18827518.

20.

21.

22.

23.

24,

25.

Chua CO, Vinukonda G, Hu F, et al. Effect of hyperoxic resuscitation on
propensity of germinal matrix haemorrhage and cerebral injury. Neu-
ropathol Appl Neurobiol. 2010; 36(5): 448-458, doi: 10.1111/j.1365-29
90.2010.01087.x, indexed in Pubmed: 20408959.

. Sénchez-Torres AM, Garcia-Alix A, Cabaias F, et al. Impacto de la re-

animacion cardiopulmonar avanzada en recién nacidos pretérmino
de extremado bajo peso [Impact of cardiopulmonary resuscitation on
extremely low birth weight infants]. An Pediatr (Barc). 2007; 66: 38-44.

. Szpecht D, Frydryszak D, Miszczyk N, et al. The incidence of severe

intraventricular hemorrhage based on retrospective analysis of 35939
full-term newborns-report of two cases and review of literature. Childs
Nerv Syst. 2016; 32(12): 2447-2451, doi: 10.1007/500381-016-3164-5,
indexed in Pubmed: 27392444,

Bokiniec R. Odlegte skutki krwawient do osrodkowego ukfadu ner-
wowego u noworodkéw Pediatr Dypl. 2013; 17: 2-6.

Rudiger M, Braun N, Aranda J, et al. TEST-Apgar Study-Group. Neonatal
assessment in the delivery room--Trial to Evaluate a Specified Type of
Apgar (TEST-Apgar). BMC Pediatr. 2015; 15: 18, doi: 10.1186/512887-
015-0334-7, indexed in Pubmed: 25884954,

Rudiger M, Aguar M. Newborn Assessment in the Delivery Room. NeoR-
eviews. 2012; 13(6): e336-e342, doi: 10.1542/neo.13-6-e336.

Dalili H, Nili F, Sheikh M, et al. Comparison of the four proposed Apgar
scoring systems in the assessment of birth asphyxia and adverse
early neurologic outcomes. PLoS One. 2015; 10(3): 0122116, doi:
10.1371/journal.pone.0122116, indexed in Pubmed: 25811904.

. Committee on Obstetric Practice, ACOG, American Academy of Pedi-

atrics; Committee on Fetus and Newborn, ACOG. ACOG Committee
Opinion. Number 333, May 2006 (replaces No. 174, July 1996): The Apgar
score. Obstet Gynecol. 2006; 107(5): 1209-1212, doi: 10.1097/00006250-
200605000-00051, indexed in Pubmed: 16648434.

Dalili H, Sheikh M, Hardani AK, et al. Comparison of the Combined
versus Conventional Apgar Scores in Predicting Adverse Neonatal
Outcomes. PLoS One. 2016; 11(2): e0149464, doi: 10.1371/journal.
pone.0149464, indexed in Pubmed: 26871908.

Fahey J, King TL. Intrauterine asphyxia: clinical implications for providers
of intrapartum care. J Midwifery Womens Health. 2005; 50(6): 498-506,
doi: 10.1016/j.jmwh.2005.08.007, indexed in Pubmed: 16260364,

Is the Apgar score outmoded? Lancet. 1989; 1(8638): 591-592, indexed
in Pubmed: 2564115.

Marlow N. Do we need an Apgar score? Arch Dis Child. 1992; 67(7 Spec
No): 765-767, doi: 10.1136/adc.67.7_spec_no.765, indexed in Pubmed:
1519971.

Behnke M, Eyler FD, Carter RL, et al. Predictive value of Apgar scores for
developmental outcome in premature infants. Am J Perinatol. 1989;
6(1):18-21,doi: 10.1055/5-2007-999536, indexed in Pubmed: 2462884.
Socol ML, Garcia PM, Riter S. Depressed Apgar scores, acid-base status,
and neurologic outcome. Am J Obstet Gynecol. 1994; 170(4): 990-998,
doi: 10.1016/50002-9378(94)70092-3.

Padayachee NBD. Outcomes of neonates with perinatal asphyxia at
a tertiary academic hospital in Johannesburg, South Africa. South
African Journal of Child Health. 2013; 7: 89-94.

Shah P, Riphagen S, Beyene J, et al. Multiorgan dysfunction in infants with
post-asphyxial hypoxic-ischaemic encephalopathy. Arch Dis Child Fetal
Neonatal Ed. 2004; 89(2): F152-F155, doi: 10.1136/adc.2002.023093,
indexed in Pubmed: 14977901.

Shah PS, Periman M. Time courses of intrapartum asphyxia: neonatal
characteristics and outcomes. Am J Perinatol. 2009; 26(1): 39-44, doi:
10.1055/s-0028-1095185, indexed in Pubmed: 18979407.

www. journals.viamedica.pl/ginekologia_polska 151


http://dx.doi.org/10.1097/aog.0000000000001108
http://dx.doi.org/10.1542/peds.2006-0325
https://www.ncbi.nlm.nih.gov/pubmed/16585348
http://dx.doi.org/10.1624/105812400X87716
https://www.ncbi.nlm.nih.gov/pubmed/17273212
http://dx.doi.org/10.1016/j.ejogrb.2006.03.002
https://www.ncbi.nlm.nih.gov/pubmed/16621222
http://dx.doi.org/10.1111/j.1651-2227.2010.01935.x
https://www.ncbi.nlm.nih.gov/pubmed/20626363
http://dx.doi.org/10.1016/s0022-3476(05)80046-0
https://www.ncbi.nlm.nih.gov/pubmed/2019934
http://dx.doi.org/10.1097/01.ANC.0000338019.56405.29
http://dx.doi.org/10.1097/01.ANC.0000338019.56405.29
https://www.ncbi.nlm.nih.gov/pubmed/18827518
http://dx.doi.org/10.1111/j.1365-2990.2010.01087.x
http://dx.doi.org/10.1111/j.1365-2990.2010.01087.x
https://www.ncbi.nlm.nih.gov/pubmed/20408959
http://dx.doi.org/10.1007/s00381-016-3164-5
https://www.ncbi.nlm.nih.gov/pubmed/27392444
http://dx.doi.org/10.1186/s12887-015-0334-7
http://dx.doi.org/10.1186/s12887-015-0334-7
https://www.ncbi.nlm.nih.gov/pubmed/25884954
http://dx.doi.org/10.1542/neo.13-6-e336
http://dx.doi.org/10.1371/journal.pone.0122116
https://www.ncbi.nlm.nih.gov/pubmed/25811904
http://dx.doi.org/10.1097/00006250-200605000-00051
http://dx.doi.org/10.1097/00006250-200605000-00051
https://www.ncbi.nlm.nih.gov/pubmed/16648434
http://dx.doi.org/10.1371/journal.pone.0149464
http://dx.doi.org/10.1371/journal.pone.0149464
https://www.ncbi.nlm.nih.gov/pubmed/26871908
http://dx.doi.org/10.1016/j.jmwh.2005.08.007
https://www.ncbi.nlm.nih.gov/pubmed/16260364
https://www.ncbi.nlm.nih.gov/pubmed/2564115
http://dx.doi.org/10.1136/adc.67.7_spec_no.765
https://www.ncbi.nlm.nih.gov/pubmed/1519971
http://dx.doi.org/10.1055/s-2007-999536
https://www.ncbi.nlm.nih.gov/pubmed/2462884
http://dx.doi.org/10.1016/s0002-9378(94)70092-3
http://dx.doi.org/10.1136/adc.2002.023093
https://www.ncbi.nlm.nih.gov/pubmed/14977901
http://dx.doi.org/10.1055/s-0028-1095185
https://www.ncbi.nlm.nih.gov/pubmed/18979407

v

VIA MEDICA

REVIEW PAPER / GYNECOLOGY

Ginekologia Polska

2023, vol. 94, no. 2, 152-157
Copyright © 2023 PTGiP

ISSN 0017-0011, e-ISSN 2543-6767

DOI 10.5603/GP.a2022.0147

2The Recurrent Pregnancy Loss Unit, The Capital Region, The Fertility Clinic, Copenhagen University Hospitals Rigshospitalet

Chronic endometritis
— is it time to clarify diagnostic criteria?

Katarzyna Klimaszyk'®, Henriette Svarre Nielsen?®, Ewa Wender-Ozegowska'®,
Malgorzata Kedzia'

'Department of Reproduction, Poznan University of Medical Sciences, Poznan, Poland

and Hvidovre, Copenhagen, Denmark

ABSTRACT

Chronic endometritis is a persistent, low-intensity inflammation of endometrial mucosa, characterized by the infiltration
of plasma cells into the endometrial stroma This immunological alteration is thought to be a consequence of a bacte-
rial infection. For a long time, chronic endometritis was poorly investigated and rarely considered in clinical practice
because it is either asymptomatic or presents with no specific symptoms. Its association with adverse effects on fertility
and retrospectively reported effectiveness of antibiotic treatment were the main reasons for a growing interest in this
endometrial pathology. Chronic endometritis is now a hot topic in recurrent pregnancy loss and recurrent implantation
failure research.

Nevertheless, there are still no recommendations to include chronic endometritis investigation in a clinical evaluation
of infertile patients. The uncertain role of this condition is an effect of significant differences in study results presented
by different research groups. One important reason for these inconsistent findings is a lack of standardised chronic
endometritis diagnostic methods.

We present a review of the literature, focusing on the currently available chronic endometritis diagnostic techniques.
The review is subdivided into three parts concerning the diagnostic accuracy of three main diagnostic modalities. His-
topathological examination of endometrial tissue, hysteroscopic evaluation of uterine cavity and identification of the
bacterial factor.

In conclusion, it is of great importance to establish a consensus on the diagnostic criteria for chronic endometritis. This
is the only way to enhance international cooperation and create well-design multicenter studies to evidence the role of
this endometrial pathology in infertility.

Key words: chronic endometritis; diagnostic techniques; immunohistochemistry; hysteroscopy; endometrial microbiome

Ginekologia Polska 2023; 94, 2: 152-157

INTRODUCTION

The past few years have seen a notable increase in
the number of publications focused on chronic endome-
tritis. This increase is associated with a growing interest
in understanding the endometrial factors in infertility
and their roles in the implantation process.

Chronic endometritis (CE) is a persistent but low-
-intensity inflammation of the endometrium, mostly asymp-
tomatic or correlated with non-specific symptoms, namely
pelvic pain, dysfunctional uterine bleeding, and vaginal dis-
charge [1]. Nevertheless greater interest in this long-known
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endometrium pathology is associated with the appearance
of data showing a correlation between CE and adverse re-
production outcomes [2-4].

Classic methods used in the CE investigation process
include microbial culture, hysteroscopy, and histopathology
examination of endometrial samples. As the diagnostic gold
standard serves histopathological identification of plasma
cells in the endometrial biopsy [5, 6].

The first step in the clinical concern regarding CE was
proving the higher than previously believed prevalence
of this pathology [3]. The immunohistochemistry staining
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used in the histopathological evaluation of endometrial
tissue demonstrated that CE is underdiagnosed and in fact
more common in patients with recurrent pregnancy losses
[3]. This finding gave a basis for further investigation into
CE effects on fertility.

The reported effectiveness of antibiotic treatmentin CE
resolution, confirmed in repeated histological examination
of endometrial tissue, was another milestone in building
the significance of this diagnosis [2, 7-11]. Some publica-
tions showed improvement in reproductive outcomes of
patients after effective antibiotic treatment of CE [10, 12].
These reports caused even greater interest in CE investiga-
tion, as there is great value in finding potentially treatable
causes of fertility alternation. Despite all the promising re-
ports, CE investigation is not recommended in guidelines for
the clinical management of patients with infertility [13, 14].
The main reason is the lack of sufficient evidence from pro-
spective observational studies and randomized controlled
trials on the predictive value of a positive test for CE. Per-
forming a meta-analysis of the available data is biased by
the significant heterogeneity of the CE diagnostic criteria
used by different researchers [15, 16].

The CE estimated rate in the general population is hard
to define due to the lack of a characteristic clinical mani-
festation. The reported range in the population of infertile
patients varies between 2.8% and 39.0%, while in a selected
group of women diagnosed with unexplained recurrent
miscarriage or repeated implantation failure it may be as
high as 60% or 66%, respectively [2, 6,9, 17, 18].

This wide range of reported CE prevalence is a conse-
quence of the fact that its diagnosis depends on the meth-
od of detection. As shown in a study by Moreno, when
the three classic diagnostic techniques are applied to the
same patients it may yield contradictory results [19].

In this paper, we aim to review the literature regarding
diagnostic techniques used in CE investigation.

MATERIAL AND METHODS

We studied the diagnostic techniques and diagnostic
criteria used by researchers investigating chronic endo-
metritis. A search of PubMed and Embase was performed
to identify relevant studies, with a restriction to English
language articles. The following keywords and their com-
binations were used: “chronic endometritis’, “infertility”,
and“diagnostic criteria”. Additional searches included refer-

ences from identified publications.

Diagnostic techniques
Histopathology
The histological detection of plasma cells in endometrial
tissue is a generally accepted gold standard CE diagnostic
method [5, 6]. Although plasma cell identification inendome-

trium specimens stained with hematoxylin and eosin (H&E) is
possible, it can be challenging, time-consuming and subjec-
tive. Therefore immunohistochemistry (IHC) has been intro-
duced to detect plasma cell marker syndecan-1 (CD 138).

Syndecan-1 (CD138) is a transmembrane heparan sul-
fate proteoglycan, involved in cell-cell and cell-matrix ad-
hesion. The expression of syndecan-1 is typically observed
on the cell membrane of plasma cells and mature epithelial
cells [20]. This type of plasma cell identification has been suc-
cessfully used in diagnosing plasma cell tumors, including
multiple myelomas [21].

One advantage of IHC CD138 staining is the ability
to identify not only typical round plasma cells with clas-
sic features of clock-face chromatin in an eccentrically
placed nucleus with a perinuclear halo but also untypi-
cal spindle-shaped ones [22]. This is important, because
abundant stromal mitoses and stromal cell proliferation in
CE may mask the characteristic features of the plasma cells
and increase the chance of them being overlooked by a pa-
thologist.

Moreover, IHC CD138is found to be an objective plasma
cell identification method and can decrease the number of
false-positive results. It reduces the chance of counting other
cells by mistake, such as mononuclear and plasmacytoid
stromal cells instead of plasma cells and increases intra-
-observer inter-observer agreement in the diagnosis [23].

Studies by McQueen show that the use of IHC
CD138 staining significantly increased the number of plasma
cells detected in endometrium samples of women with
recurrent pregnancy loss. This confirms the increased sen-
sitivity of IHC CD 138 plasma cell identification compared
to H&E staining [3, 24].

Lately, two research groups introduced the multi-
ple myeloma 1 (MUM1) protein as a plasma cell marker
in the chronic endometritis study [25, 26]. MUM1 also known
as interferon regulatory factor 4 (IRF4) is a transcription
factor protein expressed in plasma cells, activated B and
T cells. MUM1 IHC staining pattern is primarily nuclear
and overcomes the disadvantage of background reaction
present in the CD138 staining.

Due to the greater sensitivity of plasma cell detection,
researchers now must answer the question: how many
plasma cells per tissue sample area is enough for the di-
agnosis of CE?

In examining recently published original articles,
we find a huge variety in the applied histopathologi-
cal diagnostic criteria. Many investigators use different
methods of quantification, while the threshold number of
plasma cells per tissue sample can be set between strict
and broad [15].

The results obtained from studies designed with such
heterogeneity in the basic diagnostic criteria range vary
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significantly, causing bias in metanalysis and comparative
analysis [15].

Few research groups have chosen to analyse this prob-
lem and compare the prevalence of CE determined by
means of different histopathological criteria, to evaluate
the most accurate one [16, 27, 28].

Hirata et al. [27] analysed four threshold numbers of
plasma cells used in the same group of patients under-
going in vitro fertilisation (IVF) procedures. Based on the
comparison of differences in pregnancy rate, live birth rates
and miscarriage rate among CE and non-CE groups defined
by four different criteria, they concluded that CE should be
defined as the presence of = 1 plasma cell per 10 high-power
fields (HPF) [27].

Another approach to this problem was demonstrated by
Y.Liu etal.in their study [16]. They set the reference range of
plasma cells derived from the examination of endometrium
tissue samples from a control group of 40 fertile patients.
In the study group of females with recurrent pregnancy loss
(RPL) and recurrent implantation failure (RIF), they consid-
ered plasma cell numbers above the 95th percentile of the
reference value as indicative of CE diagnosis. The threshold
level for three different methods of quantification were:
1.95 CD138 plasma cells per ten randomly chosen HPFs,
2.95CD138 plasma cells per section,and 5.15 CD138 plasma
cells per 0.1 mm2[16].

To tackle the problem of redefining chronic endome-
tritis, McQueen et al. [24] carried out a study to compare
the prevalence of CE among women with RPL and the
control group, using various histopathological definitions.
The novelty of the concept was to include endometrial
stromal changes defined as the spindling of cells, oedema,
breakdown pigment deposition, areas of hypercellularity
and the presence of inflammatory cells other than plasma
cells.The authors achieved the highest diagnostic sensitivity
and specificity when CE was defined as the presence of one
or more plasma cells per 10 HPFs in the setting of endome-
trial stromal changes.

The lack of worldwide consensus on histopathological
criteria of CE is demonstrated in the results of the survey
of pathologists, asking about diagnostic criteria they fol-
low in clinical practice [29]. This study shows that we need
clarification of histopathological CE criteria, especially as it
is a verification method in the search for other CE diagnostic
modalities.

Hysteroscopy
Hysteroscopy assessment of uterine anatomy is one of
the recommended procedures in the diagnostic process
of abnormal uterine bleeding, RPL, infertility, and suspected
intrauterine lesions [14]. The possibility to identify changes
in endometrium appearance caused by persistent inflam-

mation led to a number of studies investigating this CE
diagnostic modality.

Visual signs suggesting CE, described in the litera-
ture are micro polyps, focal hyperaemia, stromal oedema,
and endometrial strawberry aspect, defined as large areas of
hyperaemic endometrium flushed with white central points
[30-32]. Nevertheless, the exact diagnostic criteria and reli-
ability of this method remain a subject of debate [5, 30-35].

The most common method used to evaluate the di-
agnostic accuracy of hysteroscopic findings is to perform
a hysteroscopic examination with subsequent endome-
trial biopsy and histopathological verification of the CE
diagnoses.

In most studies, a hysteroscopic examination was per-
formed in the proliferative phase of the endometrium cycle.
Reported sensitivity, specificity, and the positive and nega-
tive predictive values differed depending on which set of
visual features the diagnosis was based on. For example,
in the study by Cicinelli et al., when detection of oedema
and hyperaemia was set as a criterium of CE, 92% sensitivity,
93% specificity, 64% positive and 99% negative predictive
values were reported [31, 32]. However, when the presence
of micro polyps was also included, the specificity increased
t0 99.0% while the sensitivity decreased to 55.4% [31]. The
authors concluded that the absence of endometrial hyper-
aemia and oedema was sufficient to rule out chronic endo-
metritis, while the presence of micro polyps was a very relia-
ble visual feature, although not very common in CE patients.
Itis worth noting that these studies can be biased because
no ICH staining was used in the histopathological verifica-
tion process [32].

The next research group aiming to evaluate the role of
hysteroscopy also included the same three hysteroscopic
features suggestive of CE in a large cohort of 1189 pa-
tients [5]. An advantage of this study was the fact that the
verification method was a histopathological examination
with the use of IHC for CD138 plasma cell identification.
The reported sensitivity of a hysteroscopic diagnosis based
on the presence of at least one of three features was only
59.3% and a specificity of 69.7%. The specificity increased to
99% when at least two features were found simultaneously
in the same patient, while the sensitivity dropped to 5% [5].
The conclusion from that study was that the presence of
the hysteroscopic features of CE should lead to a diagnosis,
increasing the likelihood of histological confirmation, but
the lack of alarming features cannot rule out the diagnosis.
The authors highlighted that hysteroscopy should not
replace histopathological examination as a CE diagnostic
method of choice. Another interesting aspect analysed in
Dongmei Song'’s study was the correlation between the
number of plasma cell counts and the hysteroscopic find-
ings. The study showed that the higher the rate of plasma
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cells per 10 HPF, the more likely occurrence of the hystero-
scopic features of CE was [5].

The need to develop a diagnostic consensus emerged
from the variety of hysteroscopy diagnostic accuracy re-
ported by different research groups. In 2019, the ‘Working
Group for Standardization of Chronic Endometritis Diagno-
sis’reached a consensus with the use of the Delphic method.
Experts established diagnostic criteria which included the
presence of at least one of the following hysteroscopic find-
ings: strawberry aspect, focal hyperaemia, haemorrhagic
spots, micro polyps, and stromal oedema in the follicular
phase [36]. The major disadvantage of hysteroscopic exami-
nation is the fact that visual assessment of the uterine cavity
is subjective and may depend upon the physician's experi-
ence. That is why the reproducibility of newly established
diagnostic criteria was evaluated. According to an interna-
tional randomized-controlled observer study, knowledge
of unified criteria increases physicians’ ability to detect
and diagnose cases of CE without increasing false-positive
diagnoses [36].

In a systemic review aimed at answering whether hyster-
oscopy was suitable for setting the CE diagnosis, the authors
did not manage to support the hypothesis. They included
15 studies with a total of 5526 participants, but due to the
heterogeneity of the diagnostic criteria used in those stud-
ies, the data was not sufficient to confirm that hysteroscopy
alone was not adequate for setting the diagnosis [37].

It is worth emphasising that the lack of standardized
histopathological CE criteria results in a lack of a concise
verification method of hysteroscopic findings in various
studies.

Identification of the bacterial factor

Microbial infection is believed to be the primary cause
of persistent inflammation of the endometrial lining present
in chronic endometritis [33, 38]. The main finding support-
ing the theory of the infectious genesis of CE is the effec-
tiveness of antibiotic treatment on the histopathologically
confirmed resolution of this endometrial pathology shown
in a prospective randomized control trial [7].

The classic technique of bacterial identification used
in CE investigations is a microbial culture of the endometrial
tissue. It is worth noting that the study by Cicinelli et al.
[39] showed a low concordance of vaginal and endocervi-
cal bacterial findings with those from endometrium sam-
pling. These findings implicate that samples obtained from
the lower genital tract cannot be used in the CE diagnostic
process.

The main advantage of microbial culture is the objec-
tive identification of the endometrial pathogens and the
possibility of administering a targeted antibiogram-guided
treatment.

Findings from the Cicineli and Kitaya research groups
show us that the pathogens detected by microbial culture
in patients with a CE diagnosis were mostly the common
bacteria Streptococcus species, Escherichia coli, Enterococcus
faecalis and Staphylococcus species, Mycoplasma/Ureaplas-
ma species, Proteus species, Pseudomonas aeruginosa, Kleb-
siella pneumoniae, Gardnerella vaginalis, Corynebacterium
species and yeast [33, 39, 40].

The major limitation of this diagnostic technique is the
fact that not all bacteria are culturable under standard labo-
ratory conditions. The reported rate of positive microbial
culture in histopathologically confirmed CE cases varies
between 52% and 73% [19, 33].

It is well proven that the uterine cavity is not sterile
under normal physiological conditions [41-44]. This is why
negative bacterial culture results are most probably a re-
sult of method limitations, rather than the actual lack of
bacteria in the uterine cavity. The use of molecular tech-
niques enables the detection of low biomass uterine micro-
biota. These techniques include the quantitive polymerase
chain reaction and next-generation sequencing of the 165
RNA bacteria. Therefore, the modern concept behind the
CE pathophysiological model focuses more on microbial
and immune cross-talk rather than the presence of bacteria
in the uterine cavity itself [45].

The role of uterine microbiota and its influence on
the decidualization and receptivity of the endometrium
in infertile patients is now wildly investigated.

According to the results of a prospective pilot study by
Moreno et al [43] bacterial DNA was detected in all of the
endometrial fluid samples examined using PCRand 16S RNA
sequencing. In alarger group of patients detectable amount
of DNA was found in 61% of endometrial fluid samples
and 64% of endometrial biopsy samples [44].

Based on the uterine microbiota composition, Lacto-
bacillus-dominated microbiota (> 90% Lactobacillus spp.)
or a non-Lactobacillus-dominated microbiota (< 90% Lac-
tobacillus spp. with > 10% of other bacteria) was defined
[43]. Reported reproductive outcomes of patients with non-
-Lactobacillus-dominated endometrial microbiota undergo-
ing IVF procedures were significantly worse compared to
agroup with Lactobacillus-dominated endometrial microbi-
ota. For example, the implantation rate was 60.7% vs 23.1%
while the live birth rate was 58.8% vs 6.7% respectively [43].
Unfortunately, this study did not include a histopathological
assessment of CE and its correlation with microbial findings.

The study conducted by Moreno in collaboration with
Cicinelli was designed to evaluate the diagnostic accuracy
of the molecular diagnostic tools used in a CE investiga-
tion. The histology, hysteroscopy and microbial culture
results were compared with the RT-PCR identification of
nine pathogens in 65 patients. These nine pathogens were
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selected based on the findings of the most common bacte-
ria in patients with histopathological confirmed CE. Based
on the cases of the concordant finding of all three classic
diagnostic techniques compared with RT-PCR findings, 75%
sensitivity, 100% specificity and 77% accuracy of this mo-
lecular diagnostic tool were reported. This demonstrated
an opportunity to overcome the bias of classic diagnostic
methods and give new diagnostic tools in this infection
pathology of endometrium [19]. It is worth indicating that
in this study only 20% of 65 patients got unanimous results
of all three classic techniques. Therefore, the vast majority
encountered ambiguous results, showing that CE diagnosis
determined by means of different diagnostic methods may
yield contradictory results.

CONCLUSIONS

Despite accumulating reports on CE association with
poor reproductive outcomes and the evidenced effective-
ness of antibiotic treatment on CE resolution, this inflam-
matory condition is not routinely investigated in patients
with infertility.

Clinical guidelines do not recommend CE investigation
since more prospective observational studies and rand-
omized controlled trials are needed.

The first step towards that is creating precise diagnostic
criteria concerning CE for researchers all around the world
to follow. Unified diagnostic criteria will lead to an oppor-
tunity to perform high-quality meta-analyses to gather
results from the rising number of studies investigating
this condition.

As was already highlighted in this review, the histo-
pathological examination of endometrial samples is, for
now, a diagnostic gold standard in CE. It is also the verifica-
tion method used for assessing the diagnostic accuracy
of other CE diagnostic techniques. Therefore, it is vital to
reach an international consensus on universally accepted
standardized histopathological criteria for CE. A precise
threshold number of plasma cells identified including the
use of ICH staining is needed.

With a unified histopathological verification method,
further studies on the value of hysteroscopy and microbial
identification of bacterial factors will give more precise re-
sults.

The use of molecular microbiology technology seems to
be the future of understanding the role of the human micro-
biome in the aetiology of many medical conditions. Repro-
ductive health is not an exception as new possibilities shed
light on the relationship between endometrium bacterial
community profiling and pregnancy outcomes. However,
before implementing this diagnostic technique into clini-
cal practice we need a verification method to access the
relevance of these findings.

In conclusion, it is of great importance for the sociates
of gynaecologists and pathologists to unify CE diagnos-
tic criteria and create a clinical investigation scheme. This
might be the way to reduce the inconsistency of CE study
results and help to prove the significance of CE screening
in infertile patients.

Acknowledgements

Katarzyna Klimaszyk is a participant of STER Interna-
tionalisation of Doctoral Schools Programme from
NAWA Polish National Agency for Academic Exchange
No. PPI/STE/2020/1/00014/DEC/02.

Conflict of interest
The authors declare that there are no competing interests
in this study.

REFERENCES

1. Greenwood SM, Moran JJ. Chronic endometritis: morphologic
and clinical observations. Obstet Gynecol. 1981; 58(2): 176-184, indexed
in Pubmed: 7254729.

2. CicinelliE, Matteo M, Tinelli R, et al. Chronic endometritis due to common
bacteria is prevalent in women with recurrent miscarriage as confirmed
by improved pregnancy outcome after antibiotic treatment. Reprod
Sci. 2014; 21(5): 640-647, doi: 10.1177/1933719113508817, indexed
in Pubmed: 24177713.

3. McQueen DB, Perfetto CO, Hazard FK, et al. Pregnancy outcomes
in women with chronic endometritis and recurrent pregnancy loss. Fertil
Steril. 2015; 104(4): 927-931, doi: 10.1016/j.fertnstert.2015.06.044,
indexed in Pubmed: 26207958.

4. Wiesenfeld HC, Hillier SL, Meyn LA, et al. Subclinical pelvic inflamma-
tory disease and infertility. Obstet Gynecol. 2012; 120(1): 37-43, doi:
10.1097/A0G.0b013e31825a6bc9, indexed in Pubmed: 22678036.

5. Song D, Li TC, Zhang Y, et al. Correlation between hysteroscopy find-
ings and chronic endometritis. Fertil Steril. 2019; 111(4): 772-779, doi:
10.1016/j.fertnstert.2018.12.007, indexed in Pubmed: 30683588.

6. Kasius JC, Broekmans FJM, Sie-Go DM, et al. The reliability of the
histological diagnosis of endometritis in asymptomatic IVF cases:
a multicenter observer study. Hum Reprod. 2012; 27(1): 153-158, doi:
10.1093/humrep/der341, indexed in Pubmed: 22025228.

7. Song D, He Y, WangY, et al. Impact of antibiotic therapy on the rate of
negative test results for chronic endometritis: a prospective randomized
control trial. Fertil Steril. 2021; 115(6): 1549-1556, doi: 10.1016/j.fertns-
tert.2020.12.019, indexed in Pubmed: 33549312.

8. CicinelliE, Resta L, LoizziV, et al. Antibiotic therapy versus no treatment
for chronic endometritis: a case-control study. Fertil Steril. 2021; 115(6):
1541-1548, doi: 10.1016/j.fertnstert.2021.01.018, indexed in Pubmed:
33722376.

9.  Cicinelli E, Matteo M, Tinelli R, et al. Prevalence of chronic endometritis
in repeated unexplained implantation failure and the IVF success
rate after antibiotic therapy. Hum Reprod. 2015; 30(2): 323-330, doi:
10.1093/humrep/deu292, indexed in Pubmed: 25385744.

10. Xiong Y, Chen Qi, Chen C, et al. Impact of oral antibiotic treatment
for chronic endometritis on pregnancy outcomes in the following
frozen-thawed embryo transfer cycles of infertile women: a cohort
study of 640 embryo transfer cycles. Fertil Steril. 2021; 116(2): 413-421,
doi: 10.1016/j.fertnstert.2021.03.036, indexed in Pubmed: 33926717.

11. Gay C, Hamdaoui N, Pauly V, et al. Impact of antibiotic treatment
for chronic endometritis on unexplained recurrent pregnancy
loss. J Gynecol Obstet Hum Reprod. 2021; 50(5): 102034, doi: 10.1016/j.
jogoh.2020.102034, indexed in Pubmed: 33307243.

12. Cicinelli E, Matteo M, Trojano G, et al. Chronic endometritis in patients
with unexplained infertility: Prevalence and effects of antibiotic treat-
ment on spontaneous conception. Am J Reprod Immunol. 2018; 79(1),
doi: 10.1111/aji.12782, indexed in Pubmed: 29135053.

13. Practice Committee of the American Society for Reproductive Medi-
cine. Electronic address: asrm@asrm.org, Practice Committee of the

156 www. journals.viamedica.pl/ginekologia_polska


https://www.ncbi.nlm.nih.gov/pubmed/7254729
http://dx.doi.org/10.1177/1933719113508817
https://www.ncbi.nlm.nih.gov/pubmed/24177713
http://dx.doi.org/10.1016/j.fertnstert.2015.06.044
https://www.ncbi.nlm.nih.gov/pubmed/26207958
http://dx.doi.org/10.1097/AOG.0b013e31825a6bc9
https://www.ncbi.nlm.nih.gov/pubmed/22678036
http://dx.doi.org/10.1016/j.fertnstert.2018.12.007
https://www.ncbi.nlm.nih.gov/pubmed/30683588
http://dx.doi.org/10.1093/humrep/der341
https://www.ncbi.nlm.nih.gov/pubmed/22025228
http://dx.doi.org/10.1016/j.fertnstert.2020.12.019
http://dx.doi.org/10.1016/j.fertnstert.2020.12.019
https://www.ncbi.nlm.nih.gov/pubmed/33549312
http://dx.doi.org/10.1016/j.fertnstert.2021.01.018
https://www.ncbi.nlm.nih.gov/pubmed/33722376
http://dx.doi.org/10.1093/humrep/deu292
https://www.ncbi.nlm.nih.gov/pubmed/25385744
http://dx.doi.org/10.1016/j.fertnstert.2021.03.036
https://www.ncbi.nlm.nih.gov/pubmed/33926717
http://dx.doi.org/10.1016/j.jogoh.2020.102034
http://dx.doi.org/10.1016/j.jogoh.2020.102034
https://www.ncbi.nlm.nih.gov/pubmed/33307243
http://dx.doi.org/10.1111/aji.12782
https://www.ncbi.nlm.nih.gov/pubmed/29135053

Katarzyna Klimaszyk et al,, Chronic endometritis — is it time to clarify diagnostic criteria?

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

American Society for Reproductive Medicine. Evidence-based treat-
ments for couples with unexplained infertility: a guideline. Fertil Steril.
2020; 113(2): 305-322, doi: 10.1016/j.fertnstert.2019.10.014, indexed
in Pubmed: 32106976.

Bender Atik R, Christiansen OB, Elson J, et al. ESHRE Guideline Group
on RPL. ESHRE guideline: recurrent pregnancy loss. Hum Reprod
Open. 2018; 2018(2): hoy004, doi: 10.1093/hropen/hoy004, indexed
in Pubmed: 31486805.

Huang W, Liu Bo, He Y, et al. Variation of diagnostic criteria in women
with chronic endometritis and its effect on reproductive outcomes:
A systematic review and meta-analysis. J Reprod Immunol. 2020; 140:
103146, doi: 10.1016/}.jri.2020.103146, indexed in Pubmed: 32442825.
LiuY, Chen X, Huang J, et al. Comparison of the prevalence of chronic
endometritis as determined by means of different diagnostic meth-
ods in women with and without reproductive failure. Fertil Steril.
2018; 109(5): 832-839, doi: 10.1016/j.fertnstert.2018.01.022, indexed
in Pubmed: 29778382.

Farooki MA. Epidemiology and pathology of chronic endometritis. Int
Surg. 1967; 48(6): 566-573, indexed in Pubmed: 6064728.
Johnston-MacAnanny EB, Hartnett J,Engmann LL, et al. Chronicendome-
tritis is a frequent finding in women with recurrent implantation failure
after in vitro fertilization. Fertil Steril. 2010; 93(2): 437-441, doi: 10.1016/.
fertnstert.2008.12.131, indexed in Pubmed: 19217098.

Moreno |, Cicinelli E, Garcia-Grau |, et al. The diagnosis of chronic en-
dometritis in infertile asymptomatic women: a comparative study of
histology, microbial cultures, hysteroscopy, and molecular microbiol-
ogy. Am J Obstet Gynecol. 2018; 218(6): 602.e1-602.e16, doi: 10.1016/j.
2j0g.2018.02.012, indexed in Pubmed: 29477653.

Inki P. Expression of syndecan-1 in female reproductive tract tissues
and cultured keratinocytes. Mol Hum Reprod. 1997; 3(4): 299-305, doi:
10.1093/molehr/3.4.299 , indexed in Pubmed: 9237257.

O’Connell F, Pinkus J, Pinkus G. CD138 (Syndecan-1), a Plasma Cell
Marker. Am J Clin Pathol. 2004; 121(2): 254-263, doi: 10.1309/617dwb-
5gnfwxhw4l.

KannarV, Lingaiah HK, Sunita V. Evaluation of endometrium for chronic
endometritis by using syndecan-1 in abnormal uterine bleeding. J Lab
Physicians. 2012; 4(2): 69-73, doi: 10.4103/0974-2727.105584, indexed
in Pubmed: 23440678.

Kitaya K, Yasuo T. Inter-observer and intra-observer variability in im-
munohistochemical detection of endometrial stromal plasmacytes
in chronic endometritis. Exp Ther Med. 2013; 5(2): 485-488, doi:
10.3892/etm.2012.824, indexed in Pubmed: 23407614.

McQueen DB, Maniar KP, Hutchinson A, et al. Redefining chronic endo-
metritis: the importance of endometrial stromal changes. Fertil Steril.
2021; 116(3): 855-861, doi: 10.1016/j.fertnstert.2021.04.036, indexed
in Pubmed: 34120737.

Cicinelli E,Haimovich S, De Ziegler D, et al. International Working Group
for Standardization of Chronic Endometritis Diagnosis. MUM-1 immu-
nohistochemistry has high accuracy and reliability in the diagnosis of
chronic endometritis: a multi-centre comparative study with CD-138
immunostaining. J Assist Reprod Genet. 2022; 39(1): 219-226, doi:
10.1007/510815-021-02356-1, indexed in Pubmed: 34791588.

Parks RN, Kim CJ, Al-Safi ZA, et al. Multiple myeloma 1 transcription factor
is superior to CD138 as a marker of plasma cells in endometrium. Int
J Surg Pathol. 2019; 27(4): 372-379, doi: 10.1177/1066896918814307,
indexed in Pubmed: 30482071.

Hirata K, Kimura F, Nakamura A, et al. Histological diagnostic criterion
for chronic endometritis based on the clinical outcome. BMC Womens
Health. 2021; 21(1): 94, doi: 10.1186/512905-021-01239-y, indexed in
Pubmed: 33663485.

LiY, Xu S, Yu S, et al. Diagnosis of chronic endometritis: How many
CD138 cells/HPF in endometrial stroma affect pregnancy outcome
of infertile women? Am J Reprod Immunol. 2021; 85(5): e13369, doi:
10.1111/aji.13369, indexed in Pubmed: 33152123.

Margulies SL, Dhingral, FloresV, et al. The diagnostic criteria for chronic
endometritis: a survey of pathologists. Int J Gynecol Pathol. 2021; 40(6):
556-562, doi: 10.1097/PGP.0000000000000737, indexed in Pubmed:
33323860.

www. journals.viamedica.pl/ginekologia_polska

30.

31.

32

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Zolghadri J, Momtahan M, Aminian K, et al. The value of hysteroscopy
in diagnosis of chronic endometritis in patients with unexplained re-
current spontaneous abortion. Eur J Obstet Gynecol Reprod Biol. 2011;
155(2):217-220, doi: 10.1016/j.ejogrb.2010.12.010, indexed in Pubmed:
21232841.

Cicinelli E, Resta L, Nicoletti R, et al. Endometrial micropolyps at fluid
hysteroscopy suggest the existence of chronic endometritis. Hum Re-
prod. 2005; 20(5): 1386-1389, doi: 10.1093/humrep/deh779, indexed
in Pubmed: 15734762.

Cicinelli E, Resta L, Nicoletti R, et al. Detection of chronic endometritis at
fluid hysteroscopy. J Minim Invasive Gynecol. 2005; 12(6): 514-518, doi:
10.1016/j.jmig.2005.07.394, indexed in Pubmed: 16337579.

Cicinelli E, De Ziegler D, Nicoletti R, et al. Chronic endometritis: cor-
relation among hysteroscopic, histologic, and bacteriologic findings
in a prospective trial with 2190 consecutive office hysteroscopies. Fer-
til Steril. 2008; 89(3): 677-684, doi: 10.1016/j.fertnstert.2007.03.074,
indexed in Pubmed: 17531993.

Zargar M, Ghafourian M, Nikbakht R, et al. Evaluating chronic endo-
metritis in women with recurrent implantation failure and recurrent
pregnancy loss by hysteroscopy and immunohistochemistry. J Minim
Invasive Gynecol. 2020; 27(1): 116-121,doi: 10.1016/}.jmig.2019.02.016,
indexed in Pubmed: 30851430.

Bouet PE, El Hachem H, Monceau E, et al. Chronic endometritis
in women with recurrent pregnancy loss and recurrent implantation
failure: prevalence and role of office hysteroscopy and immunohisto-
chemistry in diagnosis. Fertil Steril. 2016; 105(1): 106-110, doi: 10.1016/j.
fertnstert.2015.09.025, indexed in Pubmed: 26456229.

Cicinelli E, Vitagliano A, Kumar A, et al. International Working Group
for Standardization of Chronic Endometritis Diagnosis. Unified diag-
nostic criteria for chronic endometritis at fluid hysteroscopy: proposal
and reliability evaluation through an international randomized-controlled
observer study. Fertil Steril. 2019; 112(1): 162-173.e2, doi: 10.1016/j.
fertnstert.2019.03.004, indexed in Pubmed: 31104760.

Gkrozou F, Tsonis O, Dimitriou E, et al. In women with chronic or sub-
clinical endometritis is hysteroscopy suitable for setting the diagnosis?
A systematic review. J Obstet Gynaecol Res. 2020; 46(9): 1639-1650, doi:
10.1111/jog.14360, indexed in Pubmed: 32578286.

Buzzaccarini G, Vitagliano A, Andrisani A, et al. Chronic endometritis
and altered embryoimplantation: a unified pathophysiological theory from
a literature systematic review. J Assist Reprod Genet. 2020; 37(12): 2897~
-2911,doi: 10.1007/510815-020-01955-8, indexed in Pubmed: 33025403.
Cicinelli E, De Ziegler D, Nicoletti R, et al. Poor reliability of vaginal
and endocervical cultures for evaluating microbiology of endometrial
cavity in women with chronic endometritis. Gynecol Obstet Invest. 2009;
68(2): 108-115, doi: 10.1159/000223819, indexed in Pubmed: 19521097.
Kitaya K, Matsubayashi H, Takaya Y, et al. Live birth rate following oral
antibiotic treatment for chronic endometritis in infertile women with
repeated implantation failure. Am J Reprod Immunol. 2017; 78(5), doi:
10.1111/aji.12719, indexed in Pubmed: 28608596.

Chen C, Song X, Wei W, et al. The microbiota continuum along the fe-
male reproductive tract and its relation to uterine-related diseases. Nat
Commun. 2017; 8(1): 875, doi: 10.1038/541467-017-00901-0, indexed
in Pubmed: 29042534,

DingT, Schloss PD. Dynamics and associations of microbial community
types across the human body. Nature. 2014; 509(7500): 357-360, doi:
10.1038/nature13178, indexed in Pubmed: 24739969.

Moreno |, Codofier FM, Vilella F, et al. Evidence that the endometrial
microbiota has an effect on implantation success or failure. Am J Obstet
Gynecol.2016;215(6): 684-703, doi: 10.1016/j.ajog.2016.09.075, indexed
in Pubmed: 27717732.

Moreno |, Garcia-Grau |, Perez-Villaroya D, et al. Endometrial microbiota
composition is associated with reproductive outcome in infertile pa-
tients. Microbiome. 2022; 10(1): 1, doi: 10.1186/540168-021-01184-w,
indexed in Pubmed: 34980280.

D’Ippolito S, Di Nicuolo F, Pontecorvi A, et al. Endometrial microbes and
microbiome: Recent insights on the inflammatory and immune“players”
of the human endometrium. Am J Reprod Immunol. 2018; 80(6): e13065,
doi: 10.1111/aji.13065, indexed in Pubmed: 30375712.

157


http://dx.doi.org/10.1016/j.fertnstert.2019.10.014
https://www.ncbi.nlm.nih.gov/pubmed/32106976
http://dx.doi.org/10.1093/hropen/hoy004
https://www.ncbi.nlm.nih.gov/pubmed/31486805
http://dx.doi.org/10.1016/j.jri.2020.103146
https://www.ncbi.nlm.nih.gov/pubmed/32442825
http://dx.doi.org/10.1016/j.fertnstert.2018.01.022
https://www.ncbi.nlm.nih.gov/pubmed/29778382
https://www.ncbi.nlm.nih.gov/pubmed/6064728
http://dx.doi.org/10.1016/j.fertnstert.2008.12.131
http://dx.doi.org/10.1016/j.fertnstert.2008.12.131
https://www.ncbi.nlm.nih.gov/pubmed/19217098
http://dx.doi.org/10.1016/j.ajog.2018.02.012
http://dx.doi.org/10.1016/j.ajog.2018.02.012
https://www.ncbi.nlm.nih.gov/pubmed/29477653
http://dx.doi.org/10.1093/molehr/3.4.299
https://www.ncbi.nlm.nih.gov/pubmed/9237257
http://dx.doi.org/10.1309/617dwb5gnfwxhw4l
http://dx.doi.org/10.1309/617dwb5gnfwxhw4l
http://dx.doi.org/10.4103/0974-2727.105584
https://www.ncbi.nlm.nih.gov/pubmed/23440678
http://dx.doi.org/10.3892/etm.2012.824
https://www.ncbi.nlm.nih.gov/pubmed/23407614
http://dx.doi.org/10.1016/j.fertnstert.2021.04.036
https://www.ncbi.nlm.nih.gov/pubmed/34120737
http://dx.doi.org/10.1007/s10815-021-02356-1
https://www.ncbi.nlm.nih.gov/pubmed/34791588
http://dx.doi.org/10.1177/1066896918814307
https://www.ncbi.nlm.nih.gov/pubmed/30482071
http://dx.doi.org/10.1186/s12905-021-01239-y
https://www.ncbi.nlm.nih.gov/pubmed/33663485
http://dx.doi.org/10.1111/aji.13369
https://www.ncbi.nlm.nih.gov/pubmed/33152123
http://dx.doi.org/10.1097/PGP.0000000000000737
https://www.ncbi.nlm.nih.gov/pubmed/33323860
http://dx.doi.org/10.1016/j.ejogrb.2010.12.010
https://www.ncbi.nlm.nih.gov/pubmed/21232841
http://dx.doi.org/10.1093/humrep/deh779
https://www.ncbi.nlm.nih.gov/pubmed/15734762
http://dx.doi.org/10.1016/j.jmig.2005.07.394
https://www.ncbi.nlm.nih.gov/pubmed/16337579
http://dx.doi.org/10.1016/j.fertnstert.2007.03.074
https://www.ncbi.nlm.nih.gov/pubmed/17531993
http://dx.doi.org/10.1016/j.jmig.2019.02.016
https://www.ncbi.nlm.nih.gov/pubmed/30851430
http://dx.doi.org/10.1016/j.fertnstert.2015.09.025
http://dx.doi.org/10.1016/j.fertnstert.2015.09.025
https://www.ncbi.nlm.nih.gov/pubmed/26456229
http://dx.doi.org/10.1016/j.fertnstert.2019.03.004
http://dx.doi.org/10.1016/j.fertnstert.2019.03.004
https://www.ncbi.nlm.nih.gov/pubmed/31104760
http://dx.doi.org/10.1111/jog.14360
https://www.ncbi.nlm.nih.gov/pubmed/32578286
http://dx.doi.org/10.1007/s10815-020-01955-8
https://www.ncbi.nlm.nih.gov/pubmed/33025403
http://dx.doi.org/10.1159/000223819
https://www.ncbi.nlm.nih.gov/pubmed/19521097
http://dx.doi.org/10.1111/aji.12719
https://www.ncbi.nlm.nih.gov/pubmed/28608596
http://dx.doi.org/10.1038/s41467-017-00901-0
https://www.ncbi.nlm.nih.gov/pubmed/29042534
http://dx.doi.org/10.1038/nature13178
https://www.ncbi.nlm.nih.gov/pubmed/24739969
http://dx.doi.org/10.1016/j.ajog.2016.09.075
https://www.ncbi.nlm.nih.gov/pubmed/27717732
http://dx.doi.org/10.1186/s40168-021-01184-w
https://www.ncbi.nlm.nih.gov/pubmed/34980280
http://dx.doi.org/10.1111/aji.13065
https://www.ncbi.nlm.nih.gov/pubmed/30375712

Vi

VIA MEDICA

REVIEW PAPER / OBSTETRICS

Ginekologia Polska

2023, vol. 94, no. 2, 158-166
Copyright © 2023 PTGiP

ISSN 0017-0011, e-ISSN 2543-6767

DOI 10.5603/GP.a2022.0148

Influence of selected factors on serum AFP levels
in pregnant women in terms of prenatal screening

accuracy — literature review

Joanna Glowska-Ciemny’, Marcin Szymanski', Jakub Pankiewicz’,
Zbyszko Malewski' 2, Constantin von Kaisenberg?, Rafal Kocylowski'

'PreMediCare New Med Medical Center, Poznan, Poland
2Division of Perinatology and Women'’s Diseases, Poznan University of Medical Sciences, Poznan, Poland
3Department of Obstetrics and Gynecology, Hannover Medical School, Germany

ABSTRACT

Alpha-fetoprotein (AFP) is one of the biochemical components of the triple (T-3) and quadruple (T-4) test used so far
in prenatal screening mainly for trisomy 21 (T21) and neural tube defects (NTDs). Based on many years of experience
and data collected during these studies, a variety of factors have been identified that can affect a pregnant woman's serum
AFP level, and thus the risk assessment of trisomy 21 (T21) and neural tube defects. These include both unaccounted for
purely medical data (e.g., from baseline information about the patient, assisted reproduction methods used, comorbidi-
ties and emerging pregnancy pathologies) and errors made during statistical analysis. Since the triple or quadruple test
is usually performed between 15 and 20 weeks of pregnancy, most scientific studies are based solely on results from
this period of pregnancy — limited data are available for the first and third trimesters of pregnancy. In the era of new
improved screening tests, AFP has the potential to become an independent marker for pregnancy well-being evaluation.

Key words: prenatal screening; false positive/negative; triple/quadruple test; alpha-fetoprotein; AFP MoM; trisomy 21;

neural tube defects
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INTRODUCTION

In use since the late 1980s and early 1990s, the triple test
[alpha-fetoprotein (AFP), human beta chorionic gonadotro-
pin beta-hCG, estriol E3] and then the quadruple test (AFP,
beta-hCG, E3, inhibin A) was a milestone in the biochemical
diagnosis of aneuploidy. However, despite the undeniable
advantages demonstrated by years of use, it is burdened with
certain drawbacks. In the era of the spread of fetal deoxyribo-
nucleic acid (DNA), the sensitivity of the triple test at about
67-73% and quadruple test at 75-85% (depending on the
cutoff point for false positive rate, FPR) is no longer particularly
awe-inspiring. Another problem is the 4-8% false-positive
rate for trisomy 21 (as high as 21-25% after an age of 35),
and 5-14% for the quadruple test, causing concern in pa-
tients whose first trimester composite test result [according
to Fetal Medicine Foundation (FMF)] and second trimester
fetal anatomy evaluation were normal [1-3]. In addition, like
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any laboratory test, this test is susceptible to the influence of
individual factors specific to the patient, her comorbidities,
diagnostic and statistical errors. This review paper aims to
systematize and characterize the factors that directly influ-
ence AFP (and AFP multiple of the median — MoM) levels,
and ultimately the incidence of false-positive and negative
prenatal screening tests based on its evaluation (Tab. 1 and 2).

The available data suggest the possibility of using AFP
as a separate marker of pregnancy well-being indicating
pregnancy abnormalities other than those already present
after considering all known distractors of its serum levels
in pregnant women [4].

BASELINE INTERVIEW
Race
Black and yellow race patients have higher AFP levels
than white Caucasians. The difference in AFP levels between

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.
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Table 1. Pregnancy periods during which the effects of selected
factors on AFP levels were studied

Factor Itrimester Il trimester Il trimester
Mother race
Mother BMI
Parity

Pregnancy age

LS S R
< 2 22 <

Cigarettes
Alcohol
Fetus gender
DM 1.and DM 2 v
SLE

Thrombophilia
Hypertension

OSA

GDM

PIH/PE v
ICP

Hyperemesis
gravidarum

Hemoglobin level
Serological conflict

IVF V
IVF-ICSI

IVF — frozen embryos

IVF — oocytes
donation

S . S T

Vanishing twin V
vs v

Subchorionic J
hematoma

PMD
PAS

Circumvallate
placenta

Uterine myomas
HIV+
HSV2+ (fetal infection)

S S S S

Parvovirus B19

Antiepileptic

immunosuppressants, J
used to treat HIV+,

inducing ovulation

Folic acid deficiency v

BMI — body mass index; CVS — chorionic villus sampling;

DM — diabetes mellitus; GDM — gestational diabetes mellitus;

HIV — human immunodeficiency viruses; HSV2 — herpes simplex virus type 2;
ICP — intrahepatic cholestasis of pregnancy; IVF — in vitro fertilization;

PAS — placenta accreta spectrum; PIH/PE — pregnancy-induced
hypertension/preeclampsia; PMD — placental mesenchymal dysplasia;

OSA — obstructive sleep apnea; SLE — systemic lupus erythematosus

Table 2. Factors affecting maternal serum AFP levels (MS-AFP)

< no effecton AFP | lower AFP

7 higher AFP values

level values
Male fetuses Hypgremesw Female fetuses

gravidarum
Vanishing twin Uterine myomas Multiparity#
Clack and yellow race # OSA Obesity#
Alcohol ICP DM 1 and 2#
Cigarettes# W] a.newb.orn GDM

from a previous birth
SLE Hypertension Maternal anemia
PE End-stage renal Maternal

failure polycythemia
Serological conflict PIH e )

supplementation

Parvovirus B19 HIV
HSV-2 Protease inhibitors
CVS IVF#
Subchorionic VE-ICS]
hematoma
PMD
PAS

Circumvallate placenta

Antiphospholipid
syndrome

IVF — frozen embryos

IVF — oocytes
donation#

Immunosuppressants
Antiepileptics

# — factors currently included in the risk calculation of trisomy 21 and neural
tube defects in the triple test; AFP — alpha-fetoprotein; CVS — chorionic
villus sampling; DM — diabetes mellitus; HIV — human immunodeficiency
viruses; HSV-2 — herpes simplex virus type 2; ICP — intrahepatic cholestasis
of pregnancy; IVF — in vitro fertilization; IVF-ICSI — in vitro fertilization by
intracytoplasmic sperm injection; GDM — gestational diabetes mellitus; PAS
— placenta accreta spectrum; PE — preeclampsia; PIH — pregnancy-induced
hypertension; PMD — placental mesenchymal dysplasia; OSA — obstructive
sleep apnea

black and Caucasian races decreases with increasing gesta-
tional age [5-7]. In the first trimester of pregnancy, the differ-
encein AFP levels between black and Caucasian is about 23%,
and in the second trimester itis 10-20% [8]. The exact mecha-
nism of these disparities besides the effect of body mass
index (BMI) for the yellow race has not yet been determined.
The reasons for this are not reported in the literature. Some
possible mechanisms, in our opinion, are presented below.

Body mass index
The higher the pre-pregnancy BMI, the lower the ma-
ternal serum AFP concentrations. This is due to the dilution
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effectin the larger plasma volume [6]. If one were to take this
factinto account for Caucasians and correct the AFP results
based on the BMI of pregnant women, it would turn out to
be at a similar level to Caucasians [5].

Parity

In multiparous women, AFP concentrations are lower
than in primiparous women of the same gestational age.
The explanation for this phenomenon is believed to be
the relationship between synthesis of AFP and estriol. In
animal experiments, estriol has been shown to be respon-
sible for AFP synthesis. With successive pregnancies, estriol
levels decrease and AFP levels decrease in parallel [9]. AFP
levels are related to the length of the interval between
successive pregnancies (it is lower the shorter the interval)
and the weight of the newborn from the previous birth [10].

Gestational age

AFP levels increase as pregnancy progresses by 37% per
week [8]. In the context of underestimation of AFP results
expressed in MoM, attention should be paid to redating
the gestational age in case of discrepancies between last
menstrual period (LMP) and first trimester ultrasound. This
would improve the accuracy of calculating AFP MoM values
[11].The cases of amenorrhea, where the crown rump length
(CRL) measurement will be underestimated on average by
a value equivalent to two days, will be problematic [12].

Twin pregnancies

In twin pregnancies, AFP levels are doubled as are inhi-
bin-A levels, which is explained by the existence of a dual
source in the form of two fetuses, while beta-hCG and es-
triol are not doubled. The results of the research showed
that chorionicity has no influence on the AFP level in the
maternal serum. Neither does maternal age nor maternal
weight. There is a scarcity of randomized controlled tri-
als about marker levels in twin pregnancies in situations
with one affected fetus. Besides, even assuming that the
fetuses are of equal weight, it is not possible to fully investi-
gate the exact contribution of each fetus to the total meas-
ured AFP level. The presence of a healthy fetus can disturb
the detection of the sick fetus because of averaged results
of AFP level. The main problem is the lack of specially dedi-
cated software to calculate the risk for multifetal pregnan-
cies so currently calculators for single pregnancies are used.
To calculate the risk of T21 in twin pregnancies in the second
trimester one half of a specific marker is used. As a result, false
positive and negative results are numerous and the sensitivity
of this test for multifetal pregnanciesis lower.To avoid this, the
separate calculation risk model for twin pregnancy based on
the data from local populations should be created but since
the NIPT (non-invasive prenatal testing) becomes a more ac-

curate form of the aneuploidy detection the twin calculator
based on biochemical markers is not first line goal [13-17].

Cigarettes and alcohol
Cigarettes

In this regard, the results of scientific studies do not
agree. Higher levels of MoM AFP by 11% in the 1st trimester
and by 2-6% in the 29 trimester compared to the popula-
tion of non-smoking women were observed [8, 18-21].
In contrast, a study by Bredaki et al. [10] found an effect
of cigarette smoking on AFP levels only in the 1%t trimes-
ter, no longer in the 2" and 3'9. Higher AFP levels in the
umbilical cord blood of newborns of mothers who smoke
cigarettes were also reported, depending on the amount of
cigarettes smoked. High levels of AFP in the umbilical cord
were inversely correlated with the weight and length of the
newborn [22]. Smoking impairs blood flow in the mater-
nal-fetal unit by affecting placental morphology: blocking
cytotrophoblast differentiation, decreasing placental villi
volume and their invasiveness.

Smoking-induced tissue hypoxia and the presence of
methemoglobin and toxins impairs vascularization of pla-
cental villi. It probably also affects, in fetal hepatocytes,
the expression of genes responsible for post-translational
modifications of proteins responsible for detoxification
and secretion, among others [22].

Alcohol
There is little data on the effect of alcoholism on AFP
levels. High levels of AFP are found in the serum of chronic
and heavy drinking mothers, this happens in the mechanism
of fetal liver damage [23].

Fetal weight from a previous birth

No correlation was found between neonatal weight
and maternal serum AFP levels in physiological pregnancy.
In newborns with low birth weight, elevated AFP levels in
pregnant women'’s serum are related to associated preg-
nancy pathology. High AFP levels are the result of damage
to the placenta and an increase in its permeability such
as in preeclampsia and are not a factor per se due to fetal
weight [7].

Gender of fetus

Female fetuses have slightly lower AFP values (about
5%) than male fetuses, regardless of racial origin, but
in turn are found to have higher levels of beta-hCG [23]. It
was suspected that this might result in more frequent false-
-positivetriple testresultsinmothers of girlsand false-negative
results in mothers of boys. It turned out that in contrast to
pregnancies with genetically normal fetuses, no statistically
significant relationship was found between fetal sex and
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maternal serum AFP and beta-hCG levels in pregnancies
withT21 [24]. There are also studies in which the relationship
between AFP and gender was not confirmed [7]. Lower AFP
values in female fetuses have been associated with lower
fetal liver weight, which was not confirmed in studies on
terminated fetuses. Another explanation for the higher AFP
production in male fetuses is that AFP plays a protective role
against brain exposure to circulating maternal estrogen (it
is a carrier protein for it), preventing its feminization [9].

INTERNAL DISEASES
Diabetes mellitus (DM) types 1 and 2

Both groups have lower serum AFP MoM values
than women without diabetes. Abnormalities in the devel-
opment and function of fetal hepatocytes of mothers with
insulin-dependent diabetes and immaturity of placental
villi in insulin-dependent and independent diabetes have
been cited as potential reasons [25-27]. In the 1990s, a 20%
correction of AFP MoM levels for diabetes alone was applied.
Nowadays, it is believed that only the correction related to
the inclusion of BMI is sufficient. Without weight-related
correction of AFP MoM, patients with DM 2 have lower val-
ues than those with DM 1 because they often have higher
body weight. In contrast, after correction using maternal
weight, pregnant women with both types of DM have simi-
lar levels, but still lower than healthy patients [25]. There is
a hypothesis that this approximately 20% lower AFP MoM
level is transformed alpha-fetoprotein (tAFP) arising from
chronic fetal stress.

The relationship between AFP levels and glycated hemo-
globin (HbA1c) levels was also studied. Early reports sug-
gested that patients with poorly controlled diabetes (high
HbA1c) had low AFP levels, but this was later not confirmed.
On the other hand, most of the studies on the relationship
between AFP and diabetes date from the 1980s and 1990s,
and given the now much better glycemic control, use of
insulins and surveillance of pregnant women with diabe-
tes, there is a need for more recent data. Adequate assess-
ment of AFP levels in these patients is important because
the incidence of neural tube defects in children of patients
with insulin-dependent diabetes is 3-4 times higher [6].

Chronic hypertension
There was no effect on AFP levels, even in renal trans-
plant patients or those with end-stage renal failure, where
kidney function is significantly altered [28].

Systemic lupus erythematosus (SLE)
Pregnant patients with lupus have higher AFP levels. This
may be related to the use of glucocorticosteroids (see im-
pact of medicines and supplements) [29]. The second theory
is that the underlying cause of high AFP isincreased perme-

ability of placental vessels associated with their inflamma-
tion in SLE [30].

Thrombophilia

The effect of thrombophilia on AFP levels is still un-
clear. Congenital thrombophilia either showed no difference
in AFP levels compared to controls [31, 32] or showed re-
duced levels [33] or elevated levels [31]. Some authors con-
tribute that some patients with high AFP levels are carriers
of the C677T methylenetetrahydrofolate reductase (MTHFR)
mutation [34]. In antiphospholipid syndrome (acquired
thrombophilia), elevated AFP levels are noted [35].
The immunosuppressive effect of high AFP concentrations
helps reduce the level of antibodies to b2-glycoprotein in
antiphospholipid syndrome [32, 31]. It is likely that in addi-
tion to increased synthesis as a target for the immunosup-
pressive effect, elevated maternal serum AFP levels result
from increased leakage through a functionally or structur-
ally abnormal placenta. Microscopically, the placentas of
patients with thrombophilia may show acquired intervillous
thrombosis, chronic chorioamnionitis and placental vascular
infarction [36].

There has also been no evidence of any effect of hep-
arins used to treat congenital and acquired thrombophilia
on AFP levels, although data on the timing of treatment
with these drugs is also often lacking [33].

Obstructive sleep apnea (OSA)

Obstructive sleep apnea (OSA) mainly affects obese
pregnant women with an initial physiologically increased
respiratory effort. Episodes of apnea cause stimulation of the
sympathetic nervous system with concomitant hypoperfu-
sion at the tissue level up to ischemia, and consequently
tissue hypoxia and oxidative stress. Clinically, OSA is as-
sociated with obstetric complications like hypertension
and FGR, among others. High levels of markers of chronic
hypoxia: erythropoietin, IL-6 and nuclear forms of red blood
cells have been found in the cord blood of newborns of
mothers suffering from OSA. When studying the relationship
between AFP levels and OSA, it was expected to be high
due to ischemic placental damage. Ultimately, however,
after using weight correction in calculating the AFP MoM
(OSA patients generally have higher BMIs), no statistically
significant difference was shown [37].

PATHOLOGICAL CONDITIONS OF
PREGNANCY
Gestational diabetes mellitus (GDM)

GDM affects 1-3% of pregnant women. These patients
have lower AFP values, and weight correction for AFP MoM
is required. There are reports that very low AFP levels are
associated with high birth weight of newborns [38].
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Hypertension in pregnancy (PIH) and
preeclampsia (PE)

Elevated AFP is not found in pregnancy-induced hyper-
tension, but in preeclampsia it is. The greater the severity
of preeclampsia, the higher the AFP concentrations in the
pregnant woman. This is a consequence of progressively
more severe damage to the placental fetal-maternal barrier
and increased permeability to AFP. Abnormal placentation
and the subsequent maternal inflammatory response (over-
production of anti-angiogenic factors) are the basis for this
pathology [30, 38, 39].

Intra- hepatic cholestasis of pregnancy (ICP)

The effect of maternal cholestasis on the liver and bil-
iary functions of the newborn has been demonstrated in
an animal model. In the fetus, utilization of bile acids is im-
possible due to the immaturity of the liver to secrete them
and the small intestine to absorb them, and accumulation in
the fetus would be toxic. Typically, bile acids from the fetus
are transported across the placenta to the mother, where
they are excreted into bile in the case of a properly func-
tioning maternal liver [40]. Pregnancy cholestasis impairs
maternal and indirectly fetal excretion of bile acids, leads
to their accumulation in the fetal liver and impairs its me-
tabolism. However, human studies have not confirmed the
effect of this disease on maternal serum AFP levels [41, 42].

Hyperemesis gravidarum
They occurin the first and early second trimester of preg-
nancy and affect about 3% of pregnant women. No effect
on maternal serum AFP levels has been demonstrated [43].

Maternal anemia

Placental volume gain in the second trimester is in-
versely proportional to maternal hemoglobin levels. In cases
of high maternal hemoglobin and accompanying reduced
placental volume and dimensions, fetal-maternal AFP trans-
port decreases. It was therefore expected that in cases of
maternal anemia, increased placental volume would result
in increased transport of AFP to the mother and elevated
AFP concentrations in her blood. However, contrary to as-
sumptions, maternal anemia was found to resultin low AFP
levels. This is attempted to be explained by a dilution of
AFP concentrations due to an increase in plasma volume,
but on the other hand, high AFP levels should be found
in patients with polycythemia and hemoconcentration,
and this is not the case [44].

Serological conflict
In the 1970s, the use of AFP was proposed to monitor
the course of serological conflict, as its levels were increased
in maternal serum and amniotic fluid during this condi-

tion. However, due to the development of ultrasonography
and Doppler techniques (middle cerebral artery peak sys-
tolic velocity — MCA-PSV evaluation), the use of AFP was
discontinued.

Two theories attempt to explain the increased serum
AFP levels in Rh-negative pregnant women. The first (more
likely) speaks of increased AFP production as a side effect of
increased hematopoiesis involving a functionally immature
fetal liver. The other says there is increased transfer of AFP
through a large and swollen placenta, but this does not ex-
plain the high levels in amniotic fluid. It seems that increased
AFP production precedes the onset of fetal anemia, as an ex-
pression of effective adaptation to hemolysis. The more
advanced the hemolyticanemia and increasing fetal edema,
the paradoxically lower the level of AFP in the mother’s
blood, due to the breakdown of hepatic hematopoiesis [45].

ASSISTED REPRODUCTION METHODS
In vitro fertilization (IVF)

It has been studied that the FPR in the triple test for
assisted reproduction methods is 19%, and the highest at
30.8% in the group using frozen embryos [46]. Pregnancies
obtained from IVF have about 10% higher AFP levels in the
first trimester of pregnancy compared to those conceived
naturally [8]. It seems a fair observation that the number
of embryos transferred into the uterus may affect the re-
sults of biochemical tests [47]. On the other hand, in the
second trimester, pregnancies from IVF have AFP levels
about 5% lower than those conceived naturally — hence
the higher risk of false positive results in the triple test.
Pregnancies from IVF-ICSI (in vitro fertilization by intracy-
toplasmic sperm injection) have lower AFP MoM than those
from conventional IVF (by 16%) and natural conception
(by 19%) [48].

Frozen embryos
Patients in IVF pregnancies from frozen embryos have
higher serum AFP levels compared to natural concep-
tions. This is especially true for frozen embryos obtained
by conventional IVF (by 20%); frozen embryos obtained by
ICSI have standard levels as from natural conceptions. This is
influenced by the freezing and thawing process [46, 48, 49].

Oocyte donation

In these pregnancies, AFP levels are higher compared
to pregnancies obtained from own oocytes (IVF and natural
conception) regardless of the age of the oocyte donor or
recipient. This is likely due to impaired implantation, im-
munoregulation and subsequent vascular disorders in the
maternal-fetal unit of oocyte donor pregnancies, resulting
in pregnancy pathologies such as pre-eclampsia (PE) or fetal
growth restriction (FGR) [47, 50].
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Vanishing twin syndrome

When one of the twins dies and is absorbed in the first
trimester of pregnancy, AFP levels are elevated by about
10%. The death of one of the twins before the date of pre-
natal testing can affect the results of biochemical tests of
the remaining single fetus. Data obtained over pregnancies
after selective termination of one of the fetuses in a twin
pregnancy show that AFP levels are elevated for about eight
weeks after the procedure. In assessing the genetic risk
in this case, two facts would have to be considered. The first
is that AFP levels undergo a slow gradual decrease from
thetime oftermination until AFPismeasured,and the secondis
that the half-life of AFP in maternal serum is 59-133 h [51].

DISORDERS OF THE CHORION, PLACENTA
AND UTERUS
Chorionic villus sampling (CVS)

Patients after chorionic villus biopsy, as well as any other
genetic invasive procedure, show an increase in serum AFP
levels, which occurs immediately after the procedure. Maxi-
mum values are noted about 1 h after the procedure, after
which the level stabilizes. The increase in AFP levels is due
to damage to the maternal-fetal barrier. Based on the rise
in AFP after the procedure, it is possible to estimate the
amount of fetal blood that has entered the mother’s blood-
stream. This method is comparable to the Kleihauer-Betke
test (98% vs 100%). There is a correlation between the
weight of the collected villi and the AFP increase. It has not
been reported that high AFP values after chorionic villi bi-
opsy persist until 16-18 week of pregnancy, i.e., the standard
period for performing a triple or quadruple test [52, 53].

Subchorionic hematoma

In about 20% of women, bleeding in the first trimester
of pregnancy is associated with a subchorionic hematoma.
The presence of hematoma is associated with an increased
risk of miscarriage, preterm labor and FGR. Elevated AFP
levels in these patients are due to extravasation of blood
into the space between the chorionic villi and the uter-
ine wall, which allows a certain amount of AFP to enter
the mother’s serum [54].

Placental mesenchymal dysplasia (PMD)

It is a rare vascular pathology of the placenta resulting
in placentomegaly with multiple cystic areas preceded by
hypoechoic areas. The etiology is unknown. Histopatho-
logically, aneurysmal dilatation of chorionic vasculature
with villous proliferation is described, without trophoblastic
proliferation. It is often mistaken on ultrasound and histo-
pathological examination for a hydatidiform mole (due to
numerous small cystic lesions), in contrast to which there
is no risk of transformation into gestational trophoblastic

disease and fetal development is usually normal. A high
AFP level is accompanied by a normal beta-HCG level for
a given gestational age and a normal fetal karyotype (helps
distinguish it from hydatidiform mole). High AFP levels are
due to the large surface area of the placenta made up of
thin-walled vessels, which increases fetal-maternal transfer
of AFP. More than 90% of pregnancies with PMD are char-
acterized by complications including pregnancy-induced
hypertension (PIH), preeclampsia (PE), hemolysis, elevated
liver enzymes, low platelets (HELLP), fetal growth restriction
(FGR), fetal anemia, thrombocytopenia, intrauterine fetal
demise (IUFD) and preterm birth (PTB) [55].

Placenta accreta spectrum (PAS)

Under normal conditions, the basal decidua is a bar-
rier to the ingrowth of placental villi into the myometrium.
If there is even the slightest damage to the basal decidua
(e.g., by cesarean section, curettage, endometrial ablations),
the decidualization process is disrupted and invasion into
the myometrium occurs. It has been studied that the en-
dometrium within the lower uterine segment is less well
nourished. Hence, in the case of implantation in this area
of the uterus, further damaged by surgery, there is a greater
risk of placenta ingrowth. In addition, abnormal placentation
is accompanied by pathologically enhanced angiogenesis
and hyperperfusion, which increases the absorption of AFP
and beta-hCG into the maternal circulation [56].

Circumvallate placenta

Is a pathology of the shape of the placenta. It arises when
the chorionic plate in the placenta is smaller than the basal
plate, resulting in the formation of a characteristic ring at the
periphery on the fetal side. The ring that forms the bulwark
is made up of two layers of amniotic fluid and chorionic villi
with a layer of degenerated decidua between them and the
presence of hematomas and areas of infarction. One theory
of this abnormality origin is that the blastocyst implants too
deeply into the uterine muscle. It can result in recurrent
bleeding from the first trimester of pregnancy, thrombo-
cytopenia, premature rupture of the amniotic membranes,
premature separation of the placenta, preterm labor, or
fetal growth restriction. The elevated AFP levels found
in this case are due to hypoperfusion of the placental plate
and the presence of infarcted areas [57].

Uterine myomas
They account for 95% of benign uterine tumors. They
occur in 30% of Caucasian women over the age of 35,
and an increasing number of pregnant women are now
being reported in this age group. Co-occurrence of uterine
myomas with pregnancy occurs in about 1-4%. No effect
has been shown on AFP levels in pregnancy [58].
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INFECTIONS
Human immunodeficiency virus (HIV)

About 90% of HIV-infected women are of reproductive
age. Previous scientific studies have shown that there is
an effect of HIV infection and the drugs used in the infection
on the results of biochemical screening tests, although there
are no studies that provide answers as to how HIV affects
trophoblast cells [9]. High AFP levels correlate with high viral
load and low CD4+ levels, which in this situation increases
the risk of a false-negative result in the triple test. HIV+
pregnant women who are untreated have lower AFP levels
than cART-treated and healthy women [59].This is explained
by the impaired effect of the virus on placental transport of
AFP.Treatment with the combination antiretroviral therapy
(cART) regimen increases AFP levels, but they remain within
normal limits [60]. These are important data because of the
risk of viral transmission during amniocentesis [9].

Intrauterine herpes simplex virus type 2 (HSV-2)
infection

It is accompanied by changes in ultrasound images:
hyperechoic intestines, hyperechoic foci in the myocardium,
differentiated echogenicity of the fetal liver. The source of
high AFP can be found in the damage to the fetal liver by
the herpes virus in an already advanced infection. High
levels of AFP in maternal serum and amniotic fluid in the
second trimester are accompanied by high levels of acetyl-
cholesterase in the amniotic fluid (which is typical of open
neural tube defects) but in this disease is associated with
fetal central nervous system (CNS) damage and necrosis [61].

Parvovirus B19 (B19V)

Parvovirus B19 infects rapidly dividing cells, and this is
what attempts to explain its preference for the fetus. Typi-
cally, B19V attacks precursor cells of the erythroid lineage
in the bone marrow and liver of the fetus leading to com-
plete blockade of erythrocyte production and anemia. The
target receptor for B19V is erythrocyte P antigen, which is
also found on megakaryocytes, endothelial cells, in the fetal
liver and heart. High AFP levels occur based on fetal liver
damage and increased transudate through the placenta,
which is swollen due to anemia [30].

MEDICINES AND SUPPLEMENTS

The following drugs were not found to affect AFP levels:
heparins, antibiotics, painkillers, antidepressants, antiemet-
ics, anti-asthmatics, hypotensives [62, 63].

Antiepileptic drugs such as lamotrigine, levetiracetam,
carbamazepine, oxcarbamazepine, valproic acid and clonaz-
epam affect the increase in AFP and E3 levels in the second
trimester of pregnancy [64].

Immunosuppressants, particularly corticosteroids,
cause elevated AFP levels based on effects on metabolic
pathways. Corticosteroids are utilized in the liver involving
cytochrome P450, and induction of this group of enzymes
has a parallel effect on increasing AFP synthesis. In addition,
corticosteroids affect placental perfusion, thereby increas-
ing fetal-maternal transfer of AFP [62].

Protease inhibitors used to treat HIV infection cause
AFP levels to decrease. This is important because of the risk
of exposing HIV+ pregnant patients to invasive testing for
in-depth diagnosis of trisomy 21 in the case of an abnormal
triple test [62].

Drugs for ovulation induction: higher AFP levels are
found with clomiphene citrate (Clostilbegyt) and lower with
gonadotropins, e.g., Pergonal, Menopur, Mensinorm [8].

Folic acid: when food fortification with folic acid be-
gan in the US in 1998, it helped reduce the number of pa-
tients with AFP levels > 3 MoM by more than 42% [65].

STATISTICAL ERRORS IN RISK ESTIMATION

The basis for estimating the risk of T21 in biochemical
tests is the calculation of multiples of the median (MoM) for
each component of the test. This allowed us to obtain values
comparable for laboratories using the same immunoassay.
The calculated MoM value is expected to be corrected for
gestational age, patient weight, race, smoking, comorbidi-
ties, and periodically monitored to see if it is near 1. Errors
in the calculation of the MoM can occur in a number of
ways including incorrect calculation of medians (medians
must be representative of the population), changes in rea-
gent lot quality,immunoenzymatic assay performance, and
human error. Accurate determination of gestational age
and reliable regression coefficients for the relationship
between biochemical test results and gestational age are
also important. Problems with immunoenzymatic assay
and incorrectly determined regression equations can result
in deviations in the determination of MoM values. It has
been found that a 10% error in calculating MoM values for
a single marker (which is reportedly quite common) can re-
sultina 1-2% increase in FPRin a triple test. If it involves all
three markers, then the FPR can even double [66].

CONCLUSIONS

1. The AFP level, like other biochemical markers, should
not be analyzed only as the current serum concentra-
tion without considering the influence of demographic
factors, ongoing diseases, medications used, type of
pregnancy, pathological conditions and abnormalities
of pregnancy and other disturbances that imply an ap-
propriate correction of the concentration expressed by
MoM to increase the accuracy of prenatal testing.
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The impact of statistical errors in estimating the risk of
T21 and neural tube defects is little appreciated. Failure
to account for the above factors increases false-positive
high-risk results and following unnecessary invasive
testing for T21.

AFP, due to a number of correlations with disease states
in pregnancy, shows potential as a more universal mark-
er of fetal and maternal well-being.

Patients should be informed of the sensitivity and limi-
tations of each screening test to avoid unnecessary
stressful situations.

There is a lack of research on the effects of various fac-
tors on AFP levels in the first and third trimesters of
pregnancy.
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INTRODUCTION
Gastric cancer is rarely associated with pregnancy. Nevertheless, the incidence has been increasing in recent times
[1, 2]. This report aims to increase understanding of the infrequent association between gastric cancer and pregnancy,
with the hope that this greater awareness will allow future clinicians to make earlier diagnoses that will lead to better
perinatal outcomes.

CASE REPORT

The case is a 24-year-old pregnant woman at 37 weeks of gestation, with an obstetric history of two vaginal births
and two abortions. There was no significant medical or family history. The patient was admitted in June 2021, via
the Emergency Department, with uterine contractions and mild shortness of breath. She also experienced nausea and
vomiting, pelvic pain and difficulty walking for the three weeks prior to admission. On admission, she had a blood pres-
sure of 110/70 mmHg, heart rate of 88 beats per minute, respiratory rate of 22 breaths per minute, temperature of 36.7°C
and oxygen saturation of 99%. She had a cervical dilation of 1 cm, 50% effacement, -3 cm foetal station, and intact membranes.

In the context of the COVID-19 pandemic, and due to her respiratory symptoms, an antigen test and a chest X-ray
were performed. The results of these were both negative. Other routine laboratory tests were also normal. Given the delay
of progression of the first stage of labour, misoprostol was administered to encourage cervical ripening. Subsequently,
due to inadequate contractions, endovenous oxytocin was administered. Cervical dilation did not progress beyond 5 cm.
Due to arrest of the first stage of labour, a caesarean section was performed.

During the caesarean section, gross inspection of the abdominal cavity showed a thickened nodular parietal peri-
toneum, although the patient had undergone no previous surgeries. Approximately 3 litres of straw-coloured ascites
fluid were also seen. The anterior aspect of the uterus had a pale surface with multiple nodules of miliary appearance.
The posterior aspect of the uterus, the fallopian tubes, and the ovaries had a similar appearance. The bladder was collapsed
with thickened walls. Multiple yellow nodules were observed in the parietal peritoneum, the surface of the intestines,
and on the retroperitoneum, with the largest nodule measuring around 0.5 cm. Bowel walls were also thickened. A gen-
eral surgeon was called into the operating room to perform peritoneal biopsy samples.

A healthy, 38-week female newborn, appropriate for gestational age, was delivered. She weighed 2,856 grams. She
had a favourable clinical course and was discharged on her third day. She had a subsequent clinical examination on the
sixth day without any concerns.
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Figure 1. A. Peritoneal biopsy showing poorly differentiated epithelial malignant neoplasia, cytokeratin 7 positive; B. Peritoneal biopsy showing
poorly differentiated epithelial malignant neoplasia, cytokeratin 20 negative; C. Third trimester placenta with intervillous fibrin deposits

Given the regional context, peritoneal tuberculosis was ruled out after the relevant examinations were conducted.
The biopsy results showed a poorly differentiated, metastatic epithelial malignancy. Immunohistochemical analysis was
positive for cytokeratin 7, and negative for cytokeratin 20. It also showed a focal CDX2 positivity, with negative CDH17
and PAX8 (Fig. 1A, B). Placental histology showed a third-trimester placenta with intervillous fibrin deposits (Fig. 1C).

The patient requested a voluntary discharge against medical advice, on the third day after the caesarean section.
She was re-admitted eleven days later, after developing abdominal pain, early satiety and decreased appetite. Ascites
was again seen during the physical examination. Subsequent studies were performed to try to identify the primary ma-
lignancy. An abdominal CT scan showed nodular thickening of the peritoneum (likely carcinomatosis), thickening of the
gastric fundus, inflammatory thickening of the small intestine, as well as moderate fatty changes in the liver. Computed
tomography scans of the neck and osseous pelvis were unremarkable. A CT scan of the thorax revealed pulmonary
effusions and right lung atelectasis. Tumour marker analysis showed elevated AFP, CA125 and CA199, while CEA and
CA153 were within the normal range. An upper gastrointestinal endoscopy was performed, which revealed a Borrmann
Type IV gastric neoplasia. Further gastric biopsies showed an infiltrative, poorly differentiated gastric adenocarcinoma.
Immunohistochemistry analysis was positive for pan-cytokeratin and negative for CD45.

The patient deteriorated quickly; a nasojejunal transpyloric catheter was placed for enteral feeding. Subsequently,
she was transferred to a specialised institution for palliative chemotherapy. She died 35 days post-partum.

CONCLUSIONS

In the literature, 36 weeks was the latest gestational age at which diagnosis for gastric cancer was made, as reported
by Yildiz [1]in Turkey. In our case, the delay in diagnosis could have been related to the COVID-19 pandemic. Even though
the patient had prenatal follow up, these appointments were primarily held virtually.

The literature also highlights how the frequency of cancer associated with pregnancy is rising, potentially due to
increased maternal age. Gastric cancer is no exception. The highest incidence occurs in pregnant individuals between
the ages of 30 and 40. These findings are supported by recent reports from Patan [2], Yildiz [1] and Fory [3]. However,
in our case, the patient was only 24 years old, similar to the cases reported by Prieto-Montaio [4] and Whittington [5].

In conclusion, given the overlap of symptoms between gastric cancer and pregnancy, a high clinical suspicion is
required to make an early diagnosis, which could potentially improve maternal outcomes.The case presented had similar
clinical and histologic characteristics as those reported in high incidence regions.
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